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PREFACE, 


Since  the  publication  of  the  first  edition  of  this  woric,  six  subsequent 
editions  have  been  issued  ;  ba(,  although  from  time  to  lime  nmny  additions 
to  its  pages  and  revisions  of  its  subject-matter  have  been  made,  still  its  sov- 
wml  issues  have  alivays  been  printed  subsianiiaily  from  the  original  stereotype 
pUlea.  In  this  edition,  however,  ibe  book  has  been  cxlcnsivcly  remodelled 
and  capandcd,  the  greater  portion  of  it  rewritten,  and  the  whole  put  iaa  new 
dress  by  being  newly  set  up  in  type  uniform  in  style  with  that  of  the  late 
author's  recent  worit,  Tratirvrrse  Strains,  To  this  revision — a  labur  of  love  lo 
him — he  devoted  all  the  time  he  could  spare  from  his  other  pressing  engage- 
ments for  a  year  or  more,  and  by  close  and  arduous  application  brought  the 
book  to  a  successful  termination,  notwithstanding  the  engrossing  nature  of 
his  customary  business  avocations.  Although  essentially  an  elementary  work, 
and  intended  originally  for  a  class  of  minds  not  generally  favored  with  oppor- 
luoilies  for  securing  a  very  extended  form  of  education,  either  in  the  store  of 
information  ac^iuired  or  in  the  discipline  of  mind  which  culture  confers,  still 
it  has  been  bis  aim  to  embody  in  its  pages  so  complete  and  exhaustive  a  treat- 
menl  of  the  various  subjects  discussed,  and  so  practical  and  usclut  a  collection 
of  data  and  the  rules  governing  their  application,  as  to  make  it  also  not  un- 
ir«nby  the  attention  of  those  who  have  been  more  highly  favored  in  that 
respect. 

In  all  the  various  trades  connected  with  building  it  is  the  intelligent 
workman  lliAt  commands  the  greatest  respect,  and  who  receives  in  all  cases 
Ibe  highest  remuneration.  As  apprentice,  journeyman,  and  master-builder, 
his  course  is  upward  and  onward,  and  success  crowns  his  cflbrts  in  all  that  he 
undertakes.  There  is  a  kind  of  freemasonry  in  the  very  air  that  surrounds 
the  skiKul,  intelligent  man,  that  gives  him  a  p.iss  at  once  into  the  appreciation 
■nd  recognition  of  all  those  whose  regard  is  valuable.  We  admire  and  respect 
the  plodding  toil  of  the  honest,  patient  laborer,  whose  humble  task  may  lax 
bis  muscles  though  not  his  mind,  but  we  yield  a  deeper  homage  to  the  skilful 
hand  and  tutored  eye  that  accomplish  wonders  in  art  and  science  through  per- 
severance in  aspiring  studies.  It  was  to  excite  in  the  minds  of  workmen  like 
these  an  ambition  to  excel  in  their  calling,  and  to  point  out  to  them  the  surest 
path  to  that  consummation,  that  the  preparation  of  this  volume  was  under* 
taken  ;  that  all  its  tendencies  a.'e  in  that  direction,  and  that  it  cannot  well  fail 
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of  its  purpose  when  judiciously  used,  must  be  the  conviction  of  all  who  will 
take  the  trouble  to  examine  its  pages. 

In  the  first  part  of  the  book  matters  more  particularly  relating  to  building 
arc  treated  of.  The  first  section  is  in  the  nature  of  an  introduction,  serving 
by  its  historical  references  to  excite  an  interest  in  the  general  subject,  while 
in  the  second  are  presented  the  methods  of  erecting  edifices  in  accordance 
with  the  acknowledged  principles  of  sound  construction.  In  the  remaining 
sections  of  Part  I.  the  several  well-defined  branches  of  house-building,  as 
stairs,  doors  and  windows,  etc.,  are  illustrated  and  explained.  In  the  second 
part  the  more  useful  rules  and  simple  problems  of  mathematics  are  reduced 
to  an  easily  acquired  form,  and  adapted  to  the  necessities  of  the  ordinaiy 
workman.  By  Studying  the  latter,  the  young  mechanic  may  not  only  improve 
and  strengthen  his  mind,  but  grow  more  self-reliant  daily,  demonstrating  in 
his  own  experience  that  scientific  knowledge  gives  power.  By  carefully 
studying  this  part  of  the  book  he  will  see  how  easy  it  is  to  acquire  the  knowl- 
edge of  solving  problems  by  signs  and  symbols,  commonly  called  Algebra 
(although  looked  upon  by  the  uninitiated  as  almost  incomprehensible),  and 
thus  find  it  easy  to  understand  all  the  illustrations  of  the  various  subjects 
wherein  those  condensed  forms  of  expression  are  used.  Useful  problems  in 
geometry,  described  in  simple  language,  and  hints  upon  the  subject  of  draw- 
ing and  shading,  are  also  to  be  found  in  Part  II.  A  glossary  of  arcliitectural 
terms  and  many  useful  tables  are  provided  in  the  Appendix,  and  finally,  an 
Index  is  added  to  aid  in  referring  to  special  subjects.  The  full-plate  illustra- 
tions are  inserted  to  make  it  attractive  to  the  general  reader,  and  at  the  same 
time  to  serve  as  explanatory  of  the  historical  portion  of  the  volume. 

It  will  not  be  denied  that  the  class  of  information  herein  furnished  is  one 
of  the  most  instructive  and  useful  that  can  be  presented  to  the  practical  mind 
of  a  workingman,  or  to  any  mind  engaged  in  mechanical  pursuits.  The  im- 
press stamped  upon  it  by  the  author's  peculiar  line  of  study  is  not  to  be 
effaced,  but  this  has  given  it  characteristics  of  originality  and  strength  not 
to  be  found  in  a  mere  compilation. 

THE  EDITOR. 

New  York,  31  Pine  Street, 
January  6,  1880. 
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PART    I. 


SECTION   I.— ARCHITECTURE. 


Art.  I. — Bntldlng  Defined. — Building  and  Architecture 
are  technical  terms  by  some  thought  to  be  synonymous ; 
but  there  is  a  distinction.  Architecture  has  been  defined  to 
be—"  the  art  of  building ;"  but  more  correctly  it  is — "  the 
art  of  designing  and  constructing  buildings,  in  accordance 
with  such  principles  as  constitute  stability,  utility,  and 
beauty."  The  literal  signification  of  the  Greek  word  archi- 
tectotiy  from  M'hich  the  word  architect  is  derived,  is  chief- 
car|>enter;  and  the  architect  who  designs  and  builds  well 
may  truly  be  considered  the  chief  builder.  Of  the  three 
classes  into  which  architecture  has  been  divided — viz.,  Civil, 
Military,  and  Naval — the  first  is  that  which  refers  to  the 
construction  of  edifices  known  as  dwellings,  churches,  and 
other  public  buildings,  bridges,  etc.,  for  the  accommodation 
of  civilized  man — and  is  the  subject  of  the  remarks  which 
follow. 

2. — Antique  Buildings ;  Tower  of  Babel. — Building  is 
one  of  the  most  ancient  of  the  arts :  the  Scriptures  inform 
us  of  its  existence  at  a  very  early  period.  Cain,  the  son  of 
Adam,  "  builded  a  city,  and  called  the  name  of  the  city 
after  the  name  of  his  son,  Enoch  ;"  but  of  the  peculiar  style 
or  manner  of  building  we  are  not  informed.  It  is  presumed 
that  it  was  not  remarkable  for  beauty,  but  that  utility  and 
perhaps  stability  were  its  characteristics.  Soon  after  the 
deluge  —  that  memorable  event,  which  removed  from  ex- 
istence all  traces  of  the  works  of  man — the  Tower  of  Babel 


was  commenced.  This  was  a  work  of  such  magnitude  that 
the  gathering  of  the  materials,  according  to  some  writers, 
occupied  three  years;  tlie  peritjd  from  its  commcaceineiit 
until  the  work  was  abandoned  was  twenty-two  years ;  and 
the  bricks  were  like  blocks  of  stone,  being  twenty  feet  long, 
fifteen  broad,  and  seven  thick.  Learned  men  have  given  it 
as  their  opinion  that  the  tower  in  the  temple  of  Bclus  at 
Babylon  was  the  same  as  that  which  in  the  Scriptures  is 
called  the  Tower  of  Babel.  The  tower  of  the  temple  of 
Belus  was  square  at  its  base,  each  side  measuring  one 
furlong,  and  consequently  half  a  mile  in  circumference.  Its 
form  was  that  of  a  pyramid,  and  its  height  was  660  feet.  It 
had  a  winding  passage  on  the  outside  from  the  base  to  the 
summit,  which  was  wide  enough  for  two  carriages. 

3« — Andient  C'ltleM  and  monunientN. — Historical  accounts 
of  ancient  cities,  such  as  Babyhin,  Palmyra,  and  Nineveh  of 
the  Assyrians;  Sidon,  Tyre,  Aradus,  and  Serepta  of  the 
Plurnicians ;  and  Jerusalem^  with  its  splendid  temple,  of 
the  Israelites  —  show  that  arcliitccture  among  them  had 
made  great  advances.  Ancient  monuments  of  tlic  art  are 
found  also  among  other  nations  ;  the  subterraneous  tem|>les 
of  the  Hindoos  upon  the  islands  Elephanta  and  Salsctta ; 
the  ruins  of  Perscpolis  in  Persia ;  pyramids,  obelisks,  tem- 
ples, palaces,  and  sepulchres  in  Egypt — all  prove  that  the 
architects  of  those  early  times  were  possessed  of  skill  and 
judgment  highly  cultivated.  The  principal  characteristics 
of  their  works  ai  e  gigantic  dimensions,  immovable  solidity, 
and,  in  some  instances,  harmonious  splendor.  The  extra- 
ordinary size  of  some  is  illustrated  in  the  pvramids  of  Egypt. 
The  largest  of  these  stands  not  far  f rrmi  the  city  of  Cairo : 
its  base,  which  is  square,  covers  about  11 J  acres,  and  its 
height  is  nearly  500  feet.  The  stones  of  which  it  is  built 
are  immense — the  smallest  being  full  thirt\'  feet  l<»ng. 

4. — AtThllccture  In  Greece. — Among  the  Greeks,  archi- 
tecture was  cultivated  as  a  fine  art.  Dignity  and  grace 
were  added  to  stability  and  magnihtcncc.  In  the  Doric 
order,  their  first  style  of  building,  this  is  fully  exemplified. 
Phidias,  Ictinus,  and  Calicratcs  arc  spoken  of  as  masters  in 
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the  art  at  this  period  :  the  encouragement  and  support  of 
Pericles  stimulated  them  to  a  noble  emulation.  The  beauti- 
ful temple  of  Minerva,  called  the  Parthenon,  erected  upon 
the  acropolis  of  Athens,  the  Propyleum,  the  Oleum,  and 
others,  were  lasting  monuments  of  their  success.  The  Ionic 
and  Corinthian  orders  were  added  to  the  Doric,  and  many 
magnihcent  edifices  arose.  These  exemplified,  in  their 
chaste  proportions,  the  elegant  refinement  of  Grecian  taste. 
Improvement  in  Grecian  architecture  continued  to  advance 
until  perfection  seems  to  have  been  attained.  The  speci- 
mcus  which  have  l>een  partially  preserved  exhibit  a  com-, 
bination  of  elegant  proportion,  dignified  simplicity,  and 
majestic  grandeur.  Architecture  among  the  Greeks  was  at 
the  height  <»f  its  glory  at  the  period  inunediatclv  preceding 
the  Pcloponnesian  war ;  after  which  the  art  declined.  An 
excess  of  enrichment  succeeded  its  former  simple  grandeur; 
yet  a  strict  regularity  was  maintained  amid  the  profusion  of 
ornament.  After  the  death  of  Alexander,  323  B.C.,  a  love 
of  gaudy  splendor  increased  :  the  consequent  decline  of  the 
art  was  visible,  and  the  Greeks  afterwards  paid  but  little 
attention  to  the  science. 

5.^ — Arc'lilU'fiorc  in  Rome, —  While  the  Greeks  illustrated 
their  knowledge  of  architecture  in  the  erection  of  lljcir 
temples  and  other  public  buildings,  the  Romans  gave  their 
attention  to  the  science  in  the  c<>nstructi«*n  of  the  manj^ 
aqueducts  and  sewers  with  which  Rome  abounded  ;  build- 
ing no  such  splendid  edifices  as  adorned  Athens,  Corinth, 
and  Ephesus,  until  about  200  years  B.C.,  when  their  inter- 
course with  the  Greeks  became  more  extended.  Grecian 
architecture  xvas  introduced  into  Rome  by  Sylla ;  by  whom, 
as  also  by  Marius  and  Ca'sar,  many  large  edifices  were 
erected  in  various  cities  of  Italy.  But  under  Cassar  Augus- 
tus, at  about  the  beginning  of  the  Christian  era,  the  art 
arose  to  the  greatest  perfection  it  ever  attained  in  Italy. 
Under  his  patronage  Grecian  artists  were  encouraged,  and 
many  emigrated  to  Rome.  It  was  at  about  this  time  that 
Solomon's  temple  at  Jerusalem  was  rebuilt  by  Herod — a 
Roman.  This  was  46  years  in  the  erection,  and  was  most 
probably  of  the  Grecian  style  of  building — perhaps  of  the 
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Corinthian  order.  Some  of  the  stones  of  which  it  was  built 
were  46  feet  long,  21  feet  high,  and  14  thick;  and  others 
were  of  the  asionishing  length  of  S2  feet.  Tlie  porch  rose 
to  a  great  height ;  the  whole  being  built  of  white  marble 
exquisitely  poHshe<l.  Tlvis  is  the  building  concerning  which 
it  was  remarked  :  "  Master,  see  what  manner  of  stones,  and 
what  buildings  are  here."  For  the  construction  of  private 
habitations  also,  finished  artists  were  employed  by  the 
Romans:  their  dwellings  being  often  b^iilt  with  the  finest 
marble,  and  their  villas  splendidly  adorned.  After  Augus- 
tus, his  successors  cnntinued  to  beautify  the  citv,  until  the 
reign  of  Constantine,  who,  having  removed  the  imperial 
residence  to  Constantinople,  neglected  to  add  to  the  splen- 
dor of  Rome ;  and  the  art,  in  consequence,  soon  fell  from  H 
high  excellence. 


6. — Rome  and  Greece. — Thus  Rome  was  indebted  to 

Greece  for  her  knowledge'  of  architecture — not  only  for  the 
knowledge  of  its  principles,  but  also  for  many  of  the  best 
buildings  themselves;  these  having  been  originally  erected 
in  Greece,  and  stolen  by  the  unprincipled  conquerors — 
taken  down  and  removed  to  Rome.  Greece  was  thus  rob- 
bed of  her  best  monuments  of  architecture.  Touched  by 
the  Romans,  Grecian  architecture  lost  much  of  its  elegance 
and  dignity.  The  Romans,  though  justly  celebrated  for 
their  scientific  knowledge  as  displayed  in  the  cunslruction 
of  their  various  edifices,  were  not  capable  of  appreciating 
the  simple  grandeur,  the  refined  elegance  of  the  Grecian 
style  ;  but  sought  to  improve  upon  it  by  the  addition  of 
luxurious  enrichment,  and  thus  deprived  it  of  true  elegance. 
In  the  days  of  Nero,  wh<jsc  palace  of  gold  is  so  celebrated, 
buildings  were  lavishly  adorned.  Adrian  did  much  to  en- 
courage the  art ;  but  not  satisfied  with  the  simplicity  of  the 
Grecian  stvlc,  the  artists  of  his  tinic  aimed  at  inventing  new 
ones,  and  a<ldcd  to  the  already  redundant  embellishments  of 
the  previous  age.  Hence  the  origin  of  the  pedestal,  the 
great  variety  of  intricate  ornaments,  the  ctmvcx  frieze,  the 
round  and  the  open  pediments,  etc.  The  rage  for  luxury 
continued    until  Alexander   Scverus,   who   made  some  im- 
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provement ;  but  very  soon  after  his  reign  the  art  began 
rapidly  to  decline,  as  particularly  evidenced  in  the  mean 
and  trifling  character  ot  the  ornaments. 

7. — Architecture  Debased. — The  Goths  and  Vandals 
overran  Italy,  Greece,  Asia,  and  Africa,  destroying  most 
of  their  works  of  ancient  architecture.  Cultivating  no  art 
but  that  of  war,  these  savage  hordes  could  not  be  expected 
to  take  any  interest  in  the  beautiful  forms  and  proportions 
of  their  habitations.  From  this  time  architecture  assumed 
an  entirely  different  aspect.  The  celebrated  styles  uf  Greece 
were  unappreciated- and  forgotten;  and  modern  architec- 
ture made  its  first  appearance  on  the  stage  uf  existence. 
The  Goths,  in  their  conquering-  invasions,  gradually  ex- 
tended it  over  Italy,  France,  Spain,  Portugal,  and  Ger- 
many, into  England.  From  the  reign  of  Galienus  may  be^ 
reckoned  the  total  extinction  of  the  arts  among  the  Romans. 
From  this  time  until  the  sixth  or  seventh  century,  architec- 
ture was  almost  entirely  neglected.  The  buildings  which 
were  erected  during  this  suspension  of  the  arts  were  very 
rude.  Being  constructed  of  the  fragments  of  the  edifices 
which  had  been  demolished  by  the  Visigoths  in  their  unre- 
strained fury,  and  the  builders  being  destitute  of  a  proper 
knowledge  of  architecture,  many  sad  bhinders  and  exten- 
sive patch-work  might  have  been  seen  in  tlieir  construction 
^-entablatures  inverted,  Ci>lumns  standing  on  their  wrong 
ends,  and  other  ridiculous  arrangements  characterized  their 
clumsy  work.  The  vast  number  of  columns  which  the  ruins 
around  them  afforded  they  used  as  piers  in  the  construction 
of  arcades — which  by  some  is  thought,  after  having  passed 
through  various  changes,  to  have  been  the  origin  of  the 
plaji  of  the  Gothic  cathedral.  Buildings  generally,  which 
arc  not  of  the  classical  styles,  and  which  were  erected  after 
the  full  of  the  Roman  empire,  have  by  some  been  indiscrim- 
inately included  under  the  term  Gothic.  But  the  changes 
which  architecture  underwent  during  the  Medi.T;val  age 
gltow  that  there  were  then  several  distinct  modes  of  building. 

8. — Tlio  Octroffoihs. — Theodoric,  a  friend   of   the  arts, 
who  reigned  in   Italy  from  A.D.  493  to  525,  endeavored  to 
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restore  and  preserv^e  some  of  the  ancient  buildings:" 
erected  others,  the  ruins  of  which  arc  stili  seen  at  Verona 
and  Ravenna.  Simplicity  and  strength  are  the  character- 
istics of  the  structures  erected  by  him  ;  they  are,  however, 
devoid  of  grandeur  and  elegance,  or  fine  proportions. 
These  are  properly  of  the  Gothic  style ;  by  some  called 
the  old  Gothic,  to  distinguish  it  from  the  pointed  Gothic. 

9. — The  LfOmbards,  who  ruled  in  Italy  from  A.D.  568. 
had  no  taste  for  architecture  nor  rcsjicct  for  antiquities. 
Accordingly,  they  pulled  down  the  splendid  monuments  of 
classic  architecture  which  they  found  standing,  and  erected 
in  their  stead  huge  buildings  of  stone  which  were  g^reatlv 
destitute  of  proportion,  elegance,  or  utility — their  charac- 
teristics being  scarcely  anything  more  than  stability  and 
immensity  combined  with  ornaments  of  a  puerile  character. 
Their  churches  were  decorated  with  rows  of  small  columns 
along  the  cornice  of  the  pediment,  small  doors  and  win- 
dows with  circular  heads,  roofs  supported  by  arches  having 
arched  buttresses  to  resist  their  thrust,  and  a  lavish  display 
ot*  incongruous  ornaments.  This  kind  ol  architecture  is 
called  the  Lomhakd  style,  and  was  employed  in  the  seventh 
century  in  Pavia,  the  chief  city  of  the  Lombards  ;  at  which 
city,  as  also  at  many  other  places,  a  great  many  edifices 
were  erected  in  accordance  with  its  peculiar  forms. 
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10. — The  Bfzuntinc  Arcliltcclii,  of  Byzantium,  Constan 
tinoplc,  erected  many  spacious  edifices;  among  which  are 
included  the  cathedrals  of  Bamberg,  Worms,  and  Mentz, 
and  the  most  ancient  part  of  the  minster  at  Strassburg  ;  in 
all  of  these  they  combined  the  classic  styles  with  the  crude 
Lombardian,  This  stvle  is  called  the  LoMnARD-BvZANTlNE. 
To  the  last  style  there  were  afterwards  added  cupolas  sim- 
ilar to  those  used  in  the  East,  together  with  numerous  slen- 
der pillars  with  elaborate  capitals,  and  the  many  minarets 
wliich  are  the  characteristics  of  the  proper  Byzantine,  or 
Oriental  style. 

II*  —The  ifoorii. — When  the  Arabs  and  Moors  destroyed 
the  kingdom  of  the  Goths,  the  arts  and  sciences  were  mostly 
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in  possession  of  the  >[usselmen-conquerors  ;  at  which  time 
there  were  three  kinds  of  architecture  practised  ;  viz. :  the 
Arabian,  the  Moorish,  and  the  Lornbardian.  The  ARABIAN 
style  was  formed  from  Greek  models,  having  circular  arches 
added,  and  towers  which  terminated  with  jjlobcs  and  mina- 
rets. The  Moorish  is  very  similar  to  the  Arabian,  being 
distin^ishcd  from  it  by  arches  in  the  form  of  a  horseshoe. 
It  ---  ,tcd  in  Spain  in  the  erection  of  buildings  with  the 
ni.  isoman  architecture,  and  is  seen  in  all  its  splendor 

in  the  ancient  palace  of  the  Moh.immcdan  monarchs  at 
G;  '  '\cd  ihe  A /Aawdra,  or  r^d-/touse\  The  style  which 
».  li  by  the  Visigoths  in  Spain  by  a  combination 

of  the  Arabian  and  Moorish  styles,  was  introduced  by  Charle- 
nc  into  Germany.  On  account  of  the  changes  and  im- 
cments  it  (here  underwent,  it  was.  at  about  the  13th  or 
14th  centur)',  termed  the  Gertfian  or  romantic  style.  It  is  ex- 
hibited in  great  perfection  in  the  towers  of  the  minster  of 
Str^issburg,  the  cathedral  of  Cologne  and  other  edifices. 
The  most  remarkable  features  of  this  lofty  and  ,ispinng  style 
arc  the  lancet  or  pointed  arch,  clustered  pillars,  lofty  towers, 
and  flying  buttresses.  It  was  principally  employed  in  eccle- 
siastical architecture,  and  in  this  capacity  introducx^d  into 
Fnuice,  Italy,  Spain,  and  l^ngland. 

12. — Tile  Archltcciurc  of  Envlnnd:  is  divided  into  the 
Norwiin,  tlie  luiflv-I'ti^Iis/i,  the  Dccoralcd,  and  the  Perfurntiic- 
miar  styles.  Ihc  .Ntirnian  is  principally  distinguishc<l  by 
the  character  0/  its  ornaments — the  chevron,  or  sigsag^  being 
the  most  -  ".     Buildings  in  this  style  were  erected  in 

ibc  iJlh  I  The   Karly. English  is  celebrated   for  the 

beauty  of  its  edifices,  the  chaste  simplicity  and  purity  of 
design  which  they  display,  and  the  peculiarly  graceful  char- 
acter of  its  foliage.  This  style  is  of  the  13th  century.  The 
Decoratetl  style,  as  it»  name  implies,  is  characterized  by  a 
pr  fusion  of  enrichment,  which  consists,  principally  of 

tb^ ^.»ct,  or  feathered-ornament,  and  ball-flower.     It  was 

mostly  in  use  in  the  14th  century.  The  Perpendicular  style, 
which  dates  from  the  15th  century,  is  distinguished  by  its 
ht(^h  t<»wer».  and  parjijicts  surmounted  with  spires  similar  in 
number  and  grouping  to  oriental  minarets. 
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13.— Architecture  Pro8r<^i>8lvc. — The  styles  erroneously 
termed  Gothic  were  distinguished  by  peculiar  characteris- 
tics as  well  as  by  diflfercnt  names.  The  first  symptoms  of  a 
desire  to  return  to  a  pure  style  in  architecture,  after  the 
ruin  caused  bv  the  Goths,  was  manifested  in  the  character 
of  the  art  as  displayed  in  the  church  uf  St.  Sophia  at  Con- 
stantinople, which  was  erected  by  Justinian  in  the  6th 
century.  The  church  of  St.  Mark  at  Venice,  which  arose 
in  the  loth  or  !  rth  century,  is  a  most  remarkable  building; 
a  compound -of  many  of  the  forms  of  ancient  architecture. 
The  cathedral  at  Pisa,  a  wonderful  structure  for  the  age, 
was  erected  by  a  Grecian  architect  in  1016.  The  marble 
with  which  the  walls  of  this  building  were  faced,  and  of 
which  the  four  nnvs  of  columns  that  support  the  roof  are 
composed,  is  said  to  be  of  an  excellent  character.  The 
Campanile,  or  leaning-tower  as  it  is  usually  called,  was 
erected  near  the  cathedral  in  the  t2th  century.  Its  inclina- 
tion is  generally  supposed  to  have  arisen  from  a  poor  foun- 
dation ;  although  by  some  it  is  said  to  have  been  thus  con- 
structed originally,  in  order  to  inspire  in  the  minds  of  the 
beholder  sensations  of  sublimity  and  awe.  In  the  13th  cen- 
tury, the  science  in  Italy  was  slowly  progressing  ;  many  fine 
churches  were  erected,  the  style  of  which  displayed  a  de- 
cided advance  in  the  progress  towards  pure  classical  archi- 
tecture. In  other  parts  of  Europe,  the  Gothic,  or  pointed 
style  was  prevalent.  The  cathedral  at  St rassburg,  designed 
by  Irwin  Steinbeck,  was  erected  in  the  13th  and  14th  cen- 
turies. In  France  and  England  during  the  14th  century^ 
many  very  superior  edifices  were  erected  in  this  style. 
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14- — Arcliiteeiare  tn  Italy.— In  the  14th  and  15th  cen 
turies,  architecture  in  Italy  was  greatly  revived.  The  mas- 
ters began  to  study  the  remains  of  ancient  Roman  edifices ; 
and  many  splendid  buildings  were  erected,  which  displayed 
a  purer  taste  in  the  science.  Among  others,  St.  Peter's  of 
Rome,  which  was  built  about  this  time,  is  a  lasting  monu- 
ment of  the  architectural  skill  of  the  age.  Giocondo,  Mi- 
chael Angelo,  Palladio,  Vignola,  and  other  celebrated  archi- 
tects, each  in  their  turn,  did  much  to  restore  the  art  to  its 


J 


/::.■:• 


I 


ler  excellence.  In  the  edifices  which  were  erected  under 
ibeir  direction,  however,  it  is  plainly  to  be  seen  that  they 
studied  not  from  the  pure  models  of  Greece,  but  from  the 
remains  of  the  deteriorated  architecture  of  Rome.  The 
high  pedestal,  the  coupled  cohjmns,  the  rounded  pediment, 
the  many  curvcd-and-twisted  enrichments,  and  the  convex 
frieze,  were  unknown  to  pure  Grecian  architecture.  Yet 
their  efforts  were  serviceable  in  correcting,  to  a  g^ood  de- 
gree, the  very  impure  taste  that  had  prevailed  since  the  over- 
throw of  the  Roman  empire. 

15. — ^Tlie  DcnaiHfianre. — The  Italian  masters  and  numer- 
ous artists  who  had  visited  Italy  for  the  purpose,  spread  the 
Roman  stjde  over  various  countries  of  Europe;  which  was 
gradually  received  into  favor  in  place  of  the  pointed  Gothic. 
^Xhis  fell  into  disuse ;  although  it  has  of  late  vears  been 
il^ain  cultivated.  It  requires  a  building  of  great  magnitude 
and  complexity  for  a  perfect  display  of  its  beauties.  In 
America,  the  pure  Grecian  style  was  at  first  more  or  less 
studied  ;  and  perhaps  the  simplicity  of  its  principles  would 
be  better  adapted  to  a  republican  country  than  the  more 
intricate  mediaeval  styles;  yet  these,  during  the  last  quarter 
of  a  century,  have  been  extensively  studied,  and  nf>w  wholly 
supersede  the  Grecian  styles. 

16. — ^Styles  of  Archliectorc. — It  is  generally  acknowl- 
edged that  the  various  styles  in  architecture  were  the  results 
of  necessity,  and  originated  in  accordance  with  the  dilTerent 
pursuits  of  the  early  inhabitants  of  the  earth  ;  and  were 
brought  by  their  descendants  to  their  present  state  of  per- 
fection, through  the  propensity  for  imitation  and  desire  of 
emulation  which  are  found  more  or  less  among  all  nations. 
Those  that  followed  agricultural  pursuits,  from  being  em- 
ployed constantly  upon  the  same  piece  of  land,  needed  a 
permanent  residence,  and  the  wooden  hut  was  the  offspring 
f»f  tlieir  wants  ;  while  the  shepherd,  who  followed  his  fiockp 
and  was  compelled  to  traverse  large  tracts  of  country  for 
pasture,  found  the  tent  to  be  the  most  fjortabic  habitation: 
again,  the  man  devoted  to  hunting  and  fishing — an  idle  and 
vagabond  way  of  living — is  naturally  supposed  to  have  been 
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content  with  the  cavern  as  a  place  of  shelter.  The  latter  is 
said  to  have  been  the  origin  of  the  Egyptian  style  ;  while 
the  curved  roof  of  Chinese  structures  gives  a  strong  indica- 
tion  of  their  having  had  the  tent  for  their  mrxtel  ;  and  the 
simplicity  of  the  original  style  of  the  Greeks  (the  Doric i 
shows  quite  conclusively,  as  is  generally  conceded,  that  its 
original  was  of  wood.  The  pointed,  ur  ecclesiastical  style, 
is  said  to  have  originated  in  an  attempt  to  imitate  the  bower, 
or  grove  of  trees,  in  which  the  ancients  performed  their  idol- 
worship.  But  it  is  more  probably  the  result  of  repeated 
scientific  attempts  to  secure  real  strength  with  apparent 
Ughtness  ;  thus  giving  a  graceful,  aspiring  effect. 

17. — Orders;  or   styles,   in  architecture   are   numerous; 
and  a  knowledge  of  the  peculiarities  of  each  is  important  to 

the  student  in  the  art.  An  ORDER,  in  architecture,  is  com- 
posed of  three  principal  parts,  viz. ;  the  Stylobate,  the  Col- 
umn, and  the  Entablature.  This  appertains  chiefly  to  the 
classic  styles. 

18. — Tlic  i»iyl«>inae:    is  the  substructure,  or* basement. 

upon  which  the  columns  of  an  order  are  arranged.  In 
Roman  architecture — especially  in  the  interior  of  an  edi- 
fice— it  frequently  occurs  that  each  column  has  a  separate 
substructure;  this  is  called  a  pcdcstaL  If  i>ossible.  the  ped- 
estal should  be  avoided  in  all  cases ;  because  it  gives  to  the 
column  the  appearance  of  having  been  originally  designed 
for  a  small  building,  and  afterwards  pieced  out  to  make  it 
long  enough  for  a  larger  one. 


19. — Tttc  Column :  is  composed  of  the   base,  shaft,  and 
capital- 

20. — Tlie  EnlablaCure :    above   and   supported    by 
columns,  is  hori;;ontal ;  and  is  composed  of  the  architrai 
frieze,  and  cornice.     These  principal  parts  are  again  divided 
into  various  members  and  mouldings. 


21. — The  Base:  of  a  column  is  so  called  from  basis^ 
foundation  or  footing. 
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22. — Xiie  Slian:  liic  upn^^ht  pari  of  a  column  standing 
upcm  the  base  and  crowned  with  the  capital,  is  from  shafto^ 

dig — in  the  manner  of  a  well,  whose  inside  is  not  unlike 
the  form  of  a  column. 

23. — The  Capital:  from  kephaU  or  caputs  the  head,  is  the 
uppermost  and  crowning  part  of  the  column. 

24. — The  Architrave  ;  from  arc/ti^  chief  or  principal, 
and  trabs,  a  beam,  is  that  part  of  the  entablature  which  lies 
in  immediate  connection  with  the  column. 

25* — Thr  Frlear ;  from  fibron^  a  fringe  or  border,  is  that 
of  the  entablature  which  is  immediately  above  the 
irchitrave  and  beneath  the  cornice.  It  was  called  by  some 
rf  the  ancients  cophorus,  because  it  was  usually  enriched 
kith  sculptured  animals. 

26* — ^The  Cornice;  from  corona,  a  crown,  is  the   upper 
projecting^  part  of  the  entablature — being^also  the  upper- 
and  crowning  part  of  the  whole  order. 

27« — The  Pediment;  above  the  entablature,  is  the  tri- 
iilar  portion   which  is  formed  by  the  mclined  edges  of 
roof  at  the  end  of  the  building.     In  Gothic  architecture, 
the  pediment  is  called  vl  gable. 

26t.— Tlie  TyniiMinttm:  is  the  perpendicular  triangular 
surface  which  is  enclosed  by  the  cornice  of  the  pediment. 

29* — ^Thc  AtiJc:  is  a  small  order,  consisting  of  pilasters 
aad  entablature,  raised  above  a  larger  order,  instead  of  a 
pediment.  An  attic  story  is  the  upper  storA',  its  window-s 
being  usually  square. 


30. — Prapmrtlon*  in  nn  Order. — An  order  has  its  several 
members  proportioned  to  one  another  by  a  scale  of  6o  equal 
partJH  which  are  called  minutes.  If  the  height  of  buildings 
were  a*  ■■  'he  same,  the  scale  of  equal  parts  would  be  a 
fixed  « I  —an  exact  number  of  feet  and  inches.     But  as 

buildings  are  erected  of  different  heights^  the  column  and 
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its  accompaniments  are  required  to  be  of  different  dimen- 
sions. To  ascertain  the  scale  of  equal  parts,  it  is  necessary 
to  know  the  heig^ht  to  which  the  whole  order  is  to  be 
erected.  This  must  be  divided  by  the  number  of  diameters 
which  is  directed  Tor  the  order  under  consideration.  Then 
the  quotient  obtained  by  such  division  is  the  length  of  the 
scale  of  equal  parts — and  is,  also,  the  diameter  of  the  column 
next  above  the  base.  For  instance,  in  the  Grecian  Doric 
order  the  whole  height,  including  column  and  entablature, 
is  8  diameters.  Suppose  now  it  were  desirable  to  construct 
an  example  of  this  order,  forty  feet  high.  Then  40  feet 
divided  by  8  gives  5  feet  for  the  length  of  the  scale  ;  and 
this  being  divided  by  60,  the  scale  is  completed.  The  up- 
right columns  of  figures,  marked  H  and  /\  by  the  side  of 
the  drawings  illustrating  the  orders,  designate  the  height 
and  the  projcctitm  of  the  members.  The  projection  of  each 
member  is  reckoned  from  a  line  passing  through  the  axis  of 
the  column^  and  extending  above  it  to  the  top  ol  the  entab- 
lature. The  figures  represent  minutes,  or  6oths,  of  the 
major  diameter  of  the  shaft  of  the  column. 
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31. — CJrec'lBn  Stylc«»— The  original  method  of  building 
among  the  Greeks  was  in  what  is  called  the  Doric  order : 
to  this  were  afterwards  added  the  /<:?// /V  and  the  Corinthian, 
These  three  were  the  only  styles  known  among  them.  Each 
is  distinguished  from  the  other  two  by  not  only  a  peculiar- 
ity of  some  one  or  more  of  its  principal  parts,  but  also  by  a 
particular  destination.  The  character  of  the  Doric  is  robust, 
manly,  and  Herculean-like  ;  that  of  the  Ionic  is  more  deli- 
cate, feminine,  matronly  ;  while  that  of  the  Corinthian  is 
extremely  delicate,  youthful,  and  virgin-like.  However 
they  mav  differ  in  their  general  character,  they  are  al 
famous  for  grace  and  digii:iy,  elegance  and  grandeur,  to" 
high  degree  of  perfection. 


32.^Thc  Doric  Order:  {Fig,  2,)  is  so  ancient  that  its 
origin  is  unknown— although  some  have  pretended  to  have 
discovered  it.  But  the  most  general  (jpinion  is,  that  it  is 
an  improvement  upon  the  original  wooden  buildings  of  the 
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rrecians.     These  no  doubt  were  very  rude,  and  perhaps 
not  unlike  the  following  figure. 
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Fic  I. — Supposed  Origin  or  Doric  TEMPte. 


The  trunks  of  trees,  set  perpendicularly  to  support  the 
roof,  may  be  taken  for  columns  ;  the  tree  laid  upon  the 
tops  of  the  perpendiciUar  ones,  the  architrave ;  the  ends 
of  the  cross-beams  which  rest  upon  the  architrave,  the 
triglyphs  ;  the  tree  laid  on  the  cross-beams  as  a  support  for 
the  ends  of  the  rafters,  the  bed-moulding  of  the  cornice  ;  the 
ends  of  the  rafters  which  project  beyond  the  bed-moulding, 
the  mutules;  and  perhaps  the  projection  of  the  roof  in 
front,  to  screen  the  entrance  fnjm  the  weather,  gave  origin 
to  the  portico. 

The  peculiarities  of  the  Doric  order  are  the  triglyphs — 
those  parts  of  the  frieze  which  have  perpendicular  channels 
cut  in  their  surface  ;  the  absence  of  a  base  to  the  column — 
as  also  of  fillets  between  the  flutings  of  the  column  ;  and  the 
plainness  of  the  capital.  The  triglyphs  should  be  so  dis- 
posed that  the  width  of  the  metopes — the  space  between 
the  triglyphs — shall  be  equal  to  their  height. 

33a — ^Tbe  IntereoluntniHllon:  or  space  between  the  coU 
umns,  is  regulated  by  placing  the  centres  of  the  columns 
under  the  centres  of  the  triglyphs — except  at  the  angle  of 
the  building ;  where,  as  may  be  seen  in  Fi^.  2,  one  edge  of 
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the  triglyph  must  be  over  the  centre  of  the  column.* 
Where  the  columns  are  so  disposed  that  one  of  them  stands 
beneath  every  other  triglyph,  the  arrangement  is  called 
ntono-triglyph  and  is  most  common.  When  a  column  is 
placed  beneath  every  third  triglyph,  the  arrangement  is 
called  duistyle ;  and  when  beneath  every  fourth,  antosfyle. 
This  last  style  is  the  worst,  and  is  seldom  adopted. 

34a— The  Doric  Order;  is  suitable  for  buildings  that 
arc  destined  for  national  purposes,  for  banking-houses,  etc. 
Its  appearance,  though  massive  and  grand,  is  nevertheless 
rich  and  graceful.  The  Patent  Office  at  Washington,  and 
the  Treasury  at  New  York,  are  good  specimens  of  this 
order. 

35a — The  Ionic  Order.  {Fig.  3.)  —  The  Doric  was  for 
some  time  the  only  order  in  use  among  the  Greeks.  They 
gave  their  attention  to  the  cultivation  of  it.  until  perfection 
seems  to  have  been  attained.     Their  temples  were  the  prin- 


■  Grecian  Doric  Order.  IVhen  the  -width  to  be  oecupied by  Ike  mhole  front 
is  limiStd,  to  determine  the  diameter  nf  the  cotumn. 

The  relation  between  the  pans  may  be  expressed  thus  : 
60  a 

*  ~  i/(*  +  <•)  -h  (Go  —  r) 

Where  a  equals  the  width  in  feet  occupied  by  the  columns,  and  their  inier- 
cotumniaiions  taken  collectively,  measured  at  the  base  ;  b  equals  the  widlht 
of  the  metope,  in  minutes  ;  c  equals  the  width  of  the  triglyphs  in  minutes  ;  d' 
equals  the  number  of  metopes,  and  .r  equals  the  diameter  in  feet. 

Example. — A  front  of  six  columns— hexastyle — 61  feet  wide  :  the  frieze 
baring  one  triglyph  over  each  intcrcolumniation,  or  mono-triglyph.  In  this 
CAie.  there  being  five  intercolumniations  and  two  metopes  over  each,  therefore 
there  arc  5  x  2  =  10  metopes.  Let  the  metope  equal  43  minutes  and  the 
triglyph  equal  23.  Then  a  =  61  ;  ^  =  42  ;  i"  =  2S ;  and  d  =  10;  and  the  formula 
|toove  becomes 


60  X  6t 


60  X  61 


w—      ,       .     Ok  ,  j£  Di  —  = =^5  feet  =  the    diameier 

10(43  +  28) -+-(60  — 28)      xo  X  70 -f  32       732       '' 

required 

Ex'  --•  octastyle  front,  8  columns.  184  feet  wide,  three  metopes 

over  eai  !.  r-lumniation,  3i  in  all,  and  the  metope  and  triglyph  43  and 

ih  as  before.  Then 

^  X  '84                   11040  .f.    ,  ,      .,  ,     ^ 

— -T7  = =  7-35t»os  'ect  =  tb«  diameter  required. 

^  39}  1503  ^ 


9t  (4s  +  a8j  +  (60  —  38) 
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cipal  objects  upon  which  their  skill  in  the  art  wasdisplayec 
and  as  the  Doric  order  seems  to  have  been  well  fitted,  by  its 
massive  proportions,  to  represent  the  character  of  their 
male  deities  rather  than  the  female,  there  seems  to  have 
been  a  necessity  for  another  style  which  should  be  emble- 
matical of  feminine  graces,  and  with  which  they  might 
decorate  such  temples  as  were  dedicated  to  the  goddesses. 
Hence, the  origin  of  the  Ionic  order.  This  was  invented^ 
according  Ut  historians,  by  Hermogenes  of  Alabanda  ;  and 
he  being  a  native  of  Caria,  then  in  the  possession  of  the 
lonians,  the  order  was  called  the  Ionic. 

The  distinguishing  features  of  this  order  are  the  volute^ 
or  spirals  of  the  capital ;  and  the  dentils  among  the  b 
mouldings  of  the  cornice:  although  in  some  instanc 
dentils  are  wanting.  The  volutes  are  said  to  have  been 
designed  as  a  representation  of  curls  of  hair  on  the  head  of 
a  matron,  of  whom  the  whole  column  is  taken  as  a  sem- 
blance. 

The  Ionic  order  is  appropriate  for  churches,  collc] 
seminaries,  libraries,  all  edifices  dedicated  to  literature 
the  arts,  and  all  places  of  peace  and  tranquillity.  The  front 
of  the  Custom-House,  New  York  City,  is  a  good  specimen 
of  this  order. 


I 
tte^\ 

c^^ 

?en     I 
iof 

and    ' 


36. — The  Intcreolumtilalton:  of  this  and  the  oth 
orders — both  Roman  and  Grecian,  with  the  exception  of 
the  Doric — arc  distinguished  as  follows.  When  I  he  interval 
is  one  and  a  half  diameters,  it  is  called  pycnostyU\  or  columns 
thick-set;  when  two  diameters,  systylc ;  when  two  and  a 
quarter  diameters,  iV/j/")/'" ;  when  three  diameters,  r/iVrj/j'Ar  ; 
and  when  more  than  three  diameters,  arceosfyU,  or  columns 
thin-set.  In  all  the  orders,  when  there  are  four  columns  in 
one  row,  the  arrangement  is  called  tt'trastyh- :  when  there 
are  six  in  a  row,  hexastyk  ;  and  when  eight,  octastyle. 


37. — To  Describe  ihc  tonic  Volute— Draw  a  perpen- 
dicular from  a  to  s  {Fig.  4),  and  make  a  s  equal  to  20  min. 
or  to  \  of  the  whole  height,  a  c  ;  draw  j  f»  at  right  angles  to 
s  a,  and  equal  to  \\  min. ;  upon  o^  with  2^  min.  for  radius. 


1 

.n.     I 
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Fig.  3. — Grecian  Ionic. 
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describe  the  eye  of  the  volute ;  about  o,  the  centre  of  the 
eye,  draw  the  square,  r  /  i  2,  with  sides  equal  to  half  the 
diameter  of  the  eye,  viz.  2^  min.,  and  divide  it  into  144  equal 
parts,  as  shown  at  Fig.  5.  The  several  centres  in  rotation  are 
at  the  angles  formed  by  the  heavy  lines,  as  figured,  i,  2,  3, 
4,  5,  6,  etc.  The  position  of  these  angles  is  determined  by 
commencing  at  the  point,  i,  and  making  each  heavy  line  one 
part  less  in  length  than  the  preceding  one.     No.  i  is  the 


Fio.  4.— Ionic  Volute. 


THE  IONIC  VOLUTE, 


23 


centre  lor  the  arc  a  b  {Fig,  4 ;)  2  is  the  centre  for  the  arc 
be;  and  so  on  to  the  last.  The  inside  spiral  line  is  to  be 
described  from  the  centres,  x,  x,  x,  etc.  {Ftg.  5),  being  the 
centre  of  the  first  small  square  towards  the  middle  of  the 
eye  from  the  centre  for  the  outside  arc.  The  breadth  of  the 
fillet  at  a  J  is  to  be  made  equal  to  2^  min.  This  is  for  a  spiral 
of  fAref  revolutions ;  but  one  of  any  number  of  revolutions, 
as  4  or  6,  may  be  drawn,  by  dividing  a/  {Fig:  5)  into  a  cor- 
responding number  of  equal  parts.  Then  divide  the  part 
nearest  the  centre,  o,  into  two  parts,  as  at  h  ;  join  o  and  i, 
also  a  and  2  ;  draw  k  3  parallel  to  o  i,  and  h  4  parallel  to  0 


S 
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Fio.  5. — Eye  of  Volute. 

2 ;  then  the  lines  <?  i,  <?  2,  A  3,  A  4  will  determine  the  length 
of  the  heavy  lines,  and  the  place  of  the  centres.  (See  Art, 
288.) 


36. — The  Corlntblan  Order :  {Fig.  7,)  is  in  general  like 
the  Ionic,  though  the  proportions  are  lighter.  The  Corin- 
thian displays  a  more  airy  elegance,  a  richer  appearance  ; 
but  its  distinguishing  feature  is  its  beautiful  capital.  This 
ti  generally  supposed  to  have  had  its  origin  in  the  capitals 
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Fio.  6. 


of  the  columns  of  Egyptian  temples,  which,  though  not  ap- 
proaching it  in  elegance,  have  yet  a  similarity  of  form  with 
the  Corinthian.     The  oft-repeated  story  of  its  origin  which 

^^^^  is  told  by  Vitruvius — an  architect 

who  flourished  in  Rome  in  the  days 
of  Augustus  Caesar — though  pretty 
generally  considered  to  be  fabu- 
lous, is  nevertheless  worthy  of  be- 
ing again  recited.  It  is  this :  A 
young  lady  of  Corinth  was  sick,  and 
finally  died.  Her  nurse  gathered 
into  a  deep  basket  such  trinkets  and 
keepsakes  as  the  lady  had  been 
fond  of  when  alive,  and  placed  them  upon  her  grave,  cover- 
ing the  basket  with  a  flat  stone  or  tile,  that  its  contents 
might  not  be  disturbed.  The  basket  was  placed  accident- 
ally upon  the  stem  of  an  acanthus  plant,  which,  shooting 
forth,  enclosed  the  basket  with  its  foliage,  some  of  which, 
reaching  the  tile,  turned  gracefully  over  in  the  form  of  a 
volute. 

A  celebrated  sculptor,  Calimachus,  saw  the  basket  thus 
decorated,  and  from  the  hint  which  it  suggested  conceived 
and  constructed  a  capital  for  a  column.  This  was  called 
Corinthian,  from  the  fact  that  it  was  invented  and  first  made 
use  of  at  Corinth* 

The  C(trinthian  being  the  gayest,  the  richest,  the  most 
lovely  of  all  the  orders,  it  is  appropriate  fur  edifices  which 
are  dedicated  to  amusement,  banqueting,  and  festivity — for 
all  places  where  delicacy,  gayety,  and  splendor  are  desir- 
able. 

39. — Perilntis  and  CunatldcR. — In  addition  to  the  three 
regular  orders  of  architecture,  it  was  customary  among  the 
Greeks  and  other  nations  to  employ  representations  of  the 
human  form,  instead  of  columns,  to  support  entablatures ; 
these  were  called  Persians  and  Caryatides. 


4-0. — Pemlau* :  are  statues  of  men,  and  arc  so  called  in 
commemoratinn  of  a  victory  gained  over  the  Persians  by 
Pausanias.    The  Persian  prisoners  were  brought  to  Athens 
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and  condemned  to  abject  slavery  ;  and  in  order  to  represent 
them  in  the  lowest  state  of  servitude  and  degradation,  the 
statues  were  loaded  with  the  heaviest  entablature,  the  Doric. 

4"l. — Carfalldei :  are  statues  of  women  dressed  in  long      j; 
robes  after  the  Asiatic  manner.     Their  origin  is  as  follows: 
In  a  war  between  the  Greeks  and  the  Caryans,  the  latter 
were  totally  vanquished,  their  male  population  extinguished,      ' 
and  their  females  carried  to   Athens.      To  perpetuate   the 
memory  ot  this  event,  statues  of  females,  having  the  form 
and  dress  of  the  Caryans,  were  erected,  and  crowned  with 
the  Ionic  or  Corinthian  entablature.     The  caryatides  were 
generally  formed  of  about  the  human  size,  but  the  persians 
much   larger,   in  order   to   produce   the  greater  awe   and 
astonishment  in  the  beholder.     The  entablatures  were  pro-      i 
portioned  to  a  statue  in  like  manner  as  to  a  column  of  th^H 
same  height.  ^^ 

These  semblances  of  slavery  have  been  in  frequent  use 
among  moderns  as  well  as  ancients ;  and,  as  a  relief  from  | 
the  stateliness  and  formality  of  the  regular  orders,  are  capa- 
ble of  ff>rming  a  thousand  varieties  ;  yet  in  a  land  of  liberty 
£uch  marks  of  human  degradation  ought  not  to  be  perpetu- 
ated. 


42. — Bomnii  Sijlet, — Strictly  speaking,  Rome  had  no 
architecture  of  her  own  ;  all  she  possessed  was  borrowed 
from  other  nations.  Before  the  Romans  exchanged  inter- 
course with  the  Greeks,  they  possessed  some  edifices  of 
considerable  extent  and  merits  which  were  erected  by  archi- 
tects from  Etruria ;  but  Rome  was  principally  indebted  to 
Greece  for  what  she  acqirired  of  the  art.  Although  there  is 
no  such  thing  as  an  architecture  of  Roman  invention,  yet 
no  nation,  perhaps,  ever  was  so  devoted  to  the  cultivation 
of  the  art  as  the  Roman.  Whether  we  consider  the  number 
and  extent  of  their  structures,  or  the  lavish  richness  and 
splendor  with  which  they  were  adorned,  we  arc  compelled 
to  yield  to  them  our  admiration  and  praise.  At  one  time, 
under  the  consuls  and  emperors,  Rome  employed  400  ar- 
chitects. The  public  works  —  such  as  theatres,  circuses, 
baths,  aqueducts,  etc.  —  were,  in  extent  and  grandeur,  be- 
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yond  anything  attempted  in  modern  times.  Aqueducts 
were  built  to  convey  water  from  a  distance  of  60  miles  or 
more.  In  the  prosecution  of  this  work  rocks  and  mountains 
were  tunnelled,  and  valleys  bridged-  Some  of  the  latter 
descended  200  feet  below  the  level  of  the  water ;  and  in 
passing  them  the  canals  were  supported  by  an  arcade,  or 
succession  of  arches.  Public  baths  are  spoken  of  as  large  as 
cities,  being  fitted  up  with  numerous  conveniences  for  ex- 
ercise and  amusement.  Their  decorations  were  most  splen- 
did; indeed,  the  exuberance  of  the  ornaments  alone  was 
offensive  to  good  taste.  So  overloaded  with  enrichments 
were  the  baths  of  Diocletian  that  on  one  occasion  of  public 
festivity  great  quantities  of  sculpture  fell  from  the  ceilings 
and  entablatures^  killing  many  of  the  people. 

43> — Grecian  Orders   tnodlflecl   bjr   ilie  RomaiM.— The 

orders  of  Greece  were  introduced  into  Rome  in  all  their 
perfection.  But  the  luxurious  Romans,  nut  satisfied  with 
the  simple  elegance  of  their  refined  proportions,  sought  to 
improve  upon  them  by  lavish  displays  of  ornament.  They 
transformed  in  many  instances  the  true  elegance  of  the 
Grecian  art  into  a  gaudy  splendor,  better  suited  to  their 
less  refined  taste.  The  Romans  remodelled  each  of  the 
orders:  the  Doric  {fi^.  8)  was  modified  by  increasing  the 
height  of  the  column  to  8  diameters ;  by  changing  the 
echinus  of  the  capital  for  an  ovolo,  or  quarter-round,  and 
adding  an  astragal  and  neck  below  it ;  by  placing  the  centre^ 
instead  of  one  edge,  of  the  first  triglyph  over  the  centre  of 
the  column  ;  and  introducing  horizontal  instead  of  inclined 
mutules  in  the  cornice,  and  in  some  instances  dispensing 
with  them  altogether.  The  lontc  was  modified  bv  diminish- 
ing the  size  of  the  volutes,  and,  in  some  specimens,  intro- 
ducing a  new  capital  in  which  the  volutes  were  diagonally 
arranged  {Fig.  9).  This  new  capital  has  been  termed  modern 
Ionic.  The  favorite  order  at  Rome  and  her  colonies  was 
the  Corinthian  {Fig.  10),  But  this  order  the  Roman  artists, 
in  their  search  for  novelty,  subjected  to  many  alterations — 
especially  in  the  foliage  of  its  capital  Into  the  upper  part 
of  this  they  introduced  the   modified   Ionic  capital ;   thus 
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much    used   among   the    Romans  themselves,   and   is  but 
slightly  appreciated  now. 

44,— The  Tu»ean  Order:  is  said  to  have  been  intro- 
duced to  the  Romans  by  the  Etruscan  architects,  and  to 
have  been  the  only  style  used  in  Italy  before  the  introduc- 
tion of  the  Grecian  orders.  However  this  may  be,  its  simi- 
larity to  the  Doric  order  gives  strong  indications  of  its 
having  been  a  rude  imitation  of  that  style  :  this  is  very  prob- 
able, since  history  informs  us  that  the  Etruscans  held  inter- 
course with  the  Greeks  at  a  remote  period.  The  rudeness 
of  this  order  prevented  its  extensive  use  in  Italy.  All  that 
is  known  concerning  it  is  from  Vitruvius,  no  remains  of 
buildings  in  this  style  being  found  among  ancient  ruins. 

For  mills,  factories,  markets,  barns,  stables,  etc.,  where 
utility  and  strength  arc  of  more  itnpfirtancc  than  beauty, 
the  improved  modification  of  this  order,  called  the  ffioihrn 
Tuscan  {Fig.  12),  will  be  useful ;  and  its  simplicity  recora 
mends  it  where  economy  is  desirable. 


45.  — H-liijptlHii   Sijie. — The  architecture  of   the  ancient 

Egvptiai^s — to  which  that  of  the  ancient  Hindoos  bears 
some  resemblance — is  characterized  by  boldness  of  outline, 
solidity,  and  grandeur.  The  amazing  labyrinths  and  exten- 
sive artificial  lakes,  the  splendid  palaces  and  glqomy  ceme- 
teries, the  gigantic  pyramids  and  towering  obelisks,  of  the 
Egyptians  were  works  of  inmiensity  and  durability ;  and 
their  cxteiisive  remains  are  enduring  proofs  of  the  enlight- 
ened skill  of  this  once-powerful  but  long  since  extinct  na- 
tion. The  principal  features  of  the  Egyptian  style  of  archi- 
tecture are — uniformity  of  plan,  never  deviating  from  right 
lines  and  angles;  thick  walls,  having  the  outer  surface 
slightly  deviating  inwardly  from  the  perpendicular;  the 
whole  building  low  ;  roof  flat,  composed  (jf  stones  rcachivig 
in  one  ])iccc  from  pier  to  jjier,  these  being  supported  by 
enormous  columns,  very  stout  in  proportion  to  their  height : 
the  shaft  sometimes  polygonal,  having  no  base  but  with  a 
great  variety  of  handsome  capitals,  the  foliage  of  these  being 
of  the  palm,  lotus,  and  other  leaves;  entablatures  having 
simply  an  architrave,  crowned  with  a  huge  cavetto  orna- 
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mented  with  sculpture ;  and  the  intercolumniation  very  nar- 
row, usually  i^  diameters  and  seldom  exceeding  2^.  In  the 
remains  of  a  temple  the  walls  were  found  to  be  24  feet  thick  ; 
and  at  the  gates  of  Thebes,  the  walls  at  the  foundation  were 
50  feet  thick  and  perfectly  solid.  The  immense  stones  of 
which  these,  as  well  as  Egyptian  walls  generally,  were  built, 
had  both  their  inside  and  outside  surfaces  faced,  and  the 
oints  throughout  the  body  of  the  wall  as  perfectly  close  as 
upon  the  outer  surface.  For  this  reason,  as  well  as  that  the 
buildings  generally  partake  of  the  pyramidal  form,  arise 
their  great  solidity  and  durability.  The  dimensions  and  ex- 
tent of  the  buildings  may  be  judged  from  the  temple  of 
Jupiter  at  Thebes,  which  was  1400  feet  long  and  300  feet 
wide — exclusive  of  the  porticos,  of  which  there  was  a  great 
number. 

It  is  estimated  by  Mr.  Gliddon,  U  S.  Consul  in  Eg3'pt, 
that  not  less  than  25,000,000  tons  of  hewn  stone  were  em- 
ployed in  the  erection  of  the  Pyramids  of  Memphis  alone — 
or  enough  to  construct  3000  Bunker  Hill  monuments.  Some 
of  the  blocks  are  40  feet  long,  and  polished  with  emery  to  a 
surprising  degree.  It  is  conjectured  that  the  stone  for  these 
pyramids  was  brought,  by  rafts  and  canals,  from  a  distance 
of  six  or  seven  hundred  miles. 

The  general  appearance  of  the  Egyptian  style  of  archi- 
tecture is  that  of  solemn  grandeur — amounting  sometimes  to 
sepulchral  gloom.  For  this  reason  it  is  appropriate  for  cem- 
eteries, prisons,  etc. ;  and  being  adopted  for  these  purposes, 
it  is  gradually  gaining  favor. 

A  great  dissimilarity  exists  in  the  proportion,  form,  and 
general  features  of  Egyptian  columns.  In  some  instances, 
there  is  no  uniformity  even  in  those  of  the  same  building, 
each  differing  from  the  others  either  in  its  shaft  or  capital. 
For  practical  use  in  this  country,  Fi^.  13  may  be  taken  as  a 
standard  of  this  style.  The  Halls  of  Justice  in  Centre 
Street,  New  York  City,  is  a  building  in  general  accordance 
with  the  principles  of  Egyptian  architecture. 

46. — Ballding*  In  General. — In  selecting  a  style  for  an 
edifice,  its  peculiar  requirements  must  be  allowed  to  govern. 
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Fig.  12.— Modified  Tuscan  Order. 


FITNESS  OF  STYLES. 

That  style  of  architecture  is  to  be  preferred  in  which  utility, 
stability,  and  regularity  are  gracefully  blended  with  gran- 
deur and  elegance.  But  as  an  arningcnient  designed  for  a 
warm  country  would  be  inappropriate  for  a  colder  climate, 
it  would  seem  that  the  style  uf  building  ought  to  be  modifie<l 
to  suit  the  wants  of  the  people  for  whom  it  is  designed. 
High  roofs  to  resist  the  pressure  of  heavy  snows,  and  ar- 
rangements for  artificial  heat,  are  uidispensable  in  northern 
climes;  w^hile  they  would  be  regarded  as  entirely  out  of 
place  in  buildings  at  the  equator. 

Among  the  Greeks,  architecture  was  employed  chiefly 
upon  their  temples  and  other  large  buildings;  and  the  pro- 
portions of  the  orders,  as  determined  by  them,  when  execu- 
ted to  such  large  dimensions,  have  the  happiest  effect.  But 
when  used  for  small  buildings,  porticos,  porches,  etc.,  espe- 
cially in  country*  places,  they  are  rather  heavy  and  clumsy  ; 
in  such  cases,  more  slender  proportions  will  be  found  to  pro 
duce  a  better  effect.  The  English  cottage-style  is  rather 
more  appropriate,  and  is  becoming  extensively  practised  for 
small  buildings  in  the  country. 

47. — ExpreMloii.— Every  building  should  manifest  its 
destination.  If  it  be  intended  f(»r  national  purposes,  it 
should  be  magnificent — grand  ;  for  a  private  residence,  neat 
and  modest ;  for  a  banqueting-house,  gay  and  splendid  ;  for 
a  monument  or  cemetery,  gloomy — melancholy  ;  or.  if  (or  a 
church,  majestic  and  graceful — by  some  it  has  been  said, 
"  somewhat  dark  and  gloomy,  as  being  favorable  to  a  devo- 
tional state  of  feeling  ;"  but  such  impressions  can  onl}'  re- 
sult from  a  misapprehension  pf  the  nature  of  true  devotion. 
•*  Her  ways  are  ways  o{  flrnsantness,  d.r\(\  all  her  paths  arc 
peace."  The  church  should  rather  be  a  type  of  that 
brighter  world  to  which  it  leads.  Simply  for  purposes  of 
contemplation,  however,  the  glare  of  the  nor)n(lay  light 
should  be  excluded,  that  the  worshipper  may,  with  Milton — 


*'  Love  ihc  high,  emboorid  roof, 
Wilh  antique  pillars  majisy  proof. 
And  storied  windows  richly  dight, 
Casting  a  dim,  religious  light." 
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Fig.  13.— Egyptian  Akciiiieciuke. 
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However  happily  the  several  parts  ot  an  edifice  may  be 
disposed,  and  however  "pleasing  it  may  appear  as  a  whole, 
yet  much  depends  upon  its  %//^,  as  also  upon  the  character 
and  style  of  the  structures  in  its  immediate  vicinity,  and  the 
degree  of  cultivation  of  the  adjacent  country.  A  splendid 
country-seat  should  have  the  out-houses  and  fences  in  the 
same  style  with  itself,  the  trees  and  shrubbery  neatly 
trimmed,  and  the  grounds  well  cultivated. 

48. — Durabtlitjr. — Europeans  express  surprise  that  we 
build  so  much  with  wood.  And  yet,  in  a  new  country, 
where  wood  is  plenty,  that  this  should  be  so  is  no  cause  for 
wonder.  Still  the  practice  should  not  be  encouraged.  Build- 
ings erected  with  brick  or  stone  are  far  preferable  to  those 
of  wood :  they  are  more  durable ;  not  so  liable  to  injury  by 
fire,  nor  to  need  repairs ;  and  will  be  found  in  the  end  quite 
as  economical.  A  wooden  house  is  suitable  for  a  temporary 
residence  only ;  and  those  who  would  bequeath  a  dwelling 
to  their  children  will  endeavor  to  build  with  a  more  dura- 
ble material.  Wooden  cornices  and  gutters,  attached  to 
brick  houses,  are  objectionable — not  only  on  account  of  their 
frail  nature,  but  also  because  they  render  the  building  liable 
to  destruction  by  fire. 

49. — Dwelling-Houses :  are  built  of  various  dimensions 
and  styles,  according  to  their  destination ;  and  to  give  de-. 
signs  and  directions  for  their  erection,  it  is  necessary  to  know 
their  situation  and  object.  A  dwelling  intended  for  a  gar- 
dener would  require  very  different  dimensions  and  arrange- 
ments from  one  intended  for  a  retired  gentleman — with  his 
servants,  horses,  etc. ;  nor  would  a  house  designed  for  the 
city  be  appropriate  for  the  country.  For  city  houses,  ar- 
rangements that  would  be  convenient  for  one  family  might 
be  very  inconvenient  for  two  or  more.  Fi'^s.  14,  15,  16,  17, 
18,  and  19  represent  the  ichnographical  projection,  or  ground- 
plan,  of  the  floors  of  an  ordinary  city  house,  designed  to  be 
occupied  by  one  family  only.  Fig.  21  is  an  elevation,  or 
front  view,  of  the  same  house.  All  these  plans  are  drawn  at 
the  same  scale — which  is  that  at  the  bottom  of  Fig.  21. 
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Fig.  14  is  a  Plan  of  the  Under-Cellar. 

a,  is  the  coal-vault,  6  by  10  feet. 

3,  is  the  furnace  for  heating  fhe  house, 

c^  dy  are  front  and  rear  areas. 

Fig.  1 5  is  a  Plan  of  the  Basement. 

a,  is  the  library,  or  ordinary  dining-room,  15  by  20  feet 
by  is  the  kitchen,  15  by  22  feet. 
Cy  is  the  store-room,  6  by  9  feet. 
d,  is  the  pantry,  4  by  7  feet. 
Cy  is  the  china  closet,  4  by  7  feet. 
fy  is  the  servants*  water-closet. 
gy  is  a  closet. 

//,  is  a  closet  with  a  dumb-waiter  to  the  first  story  above. 
/,  is  an  ash  closet  under  the  front  stoop. 
jy  is  the  kitchen-range.  > 

ky  is  the  sink  for  washing  and  drawing  water. 
/,  are  wash-trays. 

«  Fig.  16  is  a  Plan  of  the  First  Story. 

tty  is  the  parlor,  1 5  by  34  feet. 
by  is  the  dining-room,  16  by  23  feet. 
Cy  is  the  vestibule. 

Cy  is  the  closet  containing  the  dumb-waiter  from  the  base- 
ment. 
fy  is  the  closet  containing  butler's  sink. 
gy  g,  are  closets. 

//,  is  a  closet  for  hats  and  cloaks. 
iyjy  are  front  and  rear  balconies. 

Fig.  17  is  the  Second  Story. 

tty  Oy  are  chambers,  15  by  13  feet. 

by  is  a  bed-room,  7I  by  13  feet. 

c,  is  the  bath-room,  7^  by  13  feet. 

dy  dy  are  dressing-rooms,  6  by  7^  feet. 

c,  Cy  are  closets. 

/,  /,  are  wardrobes. 

gy  gy  are  cupboards. 
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bf  by  arc  bed-rooms,  S^  by  17  feet 

c,  c,  c\  are  closets, 

d,  is  the  step-ladder  to  the  roof. 

Fig.  20  is  the  Section  of  the  House  showing  the  heights 
of  the  several  stories. 

Fig.  21  is  the  Front  Elevation. 

The  size  of  the  house  is  25  feet  front  by  55  feet  deep;  this 
is  about  the  averafje  depth,  although  some  are  extended  to 
60  and  65  feet  in  depth. 

These  are  intr<Kluced  to  give  some  general  ideas  of  the 
principles  to  be  followed  in  designing  citv  houses.  In  plac- 
ing the  chimneys  in  the  parlors,  set  the  chimney-brejists 
equidistant  from  the  ends  of  the  room.  The  basement 
chimney-breasts  may  be  placed  nearly  in  the  middle  of  ihc 
side  of  the  room,  as  there  is  but  one  flue  to  pass  thnxigh 
the  chimney-breast  above  \  but  in  the  second  story,  as  there 
arc  two  flues;  one  from  the  basement  and  one  from  the  par- 
lor, the  breast  will  have  to  be  placed  nearly  perpendicular 
over  the  parlor  breast,  so  as  to  receive  the  flues  \\  ithin  ti 
jambs  of  the  fire-piace.  As  it  is  desirable  to  have  the  chii 
ney-breast  as  near  the  middle  of  the  room  as  possible,  it  mi 
be  placed  a  few  inches  towards  that  point  from  over 
breast  below.  So  in  arranging  those  of  the  stories  aboi 
always  make  provision  for  the  flues  from  below. 

50. — Arrnnirf nif  the  PNulrii  antl  Wfnclowti. — There  should^ 
be  at  least  as  much  room  in  the  passage  at  the  side  of 
stairs  as  upon  them  :  antl  in  regard  to  the  length  of  the  ps 
sage  in  the  second  story,  there  must  be  room  for  the  do 
which  open  from  each  of  the  principal  rooms  into  the  haU» 
nnd  more  if  the  stairs  recjiiire  it.  Having  assigneil  a  posi- 
tion for  the  stairs  of  the  second  story,  now  generally  placed 
in  the  centre  of  the  depth  of  the  hcjiise.  let  the  ivihders  of 
the  other  stories  be  placed  peq>endicularly  over  and  under 
them;  and  be  careful  to  provide  for  head-room.  To  ascer- 
tain this,  when  it  is  doubtful,  it  is  well  to  draw  a  vertical 
section  of  the  whole  stairs  ;  but  in  ordinary  cases  this  is  not 
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necessary.  To  dispose  the  windows  properly,  the  middle 
window  of  each  stor\'  should  be  exactly  in  the  middle  of  the 
front;  but  the  pier  between  the  two  windows  which  light 
the  paxlor  should  be  in  the  centre  of  that  room  ;  because 
when  chandeliers  or  any  similar  ornaments  hang  from  the 
centre-pieces  of  the  parlor  ceilings,  it  is  important,  in  order 
to  give  the  better  effect,  that  the  pier-glasses  at  the  front 
and  rear  be  in  a  range  with  them.  If  both  these  objects 
cannot  be  attained,  an  approximation  to  each  must  be  at- 
tempted. The  piers  should  in  no  case  be  less  in  width  than 
the  window  openings,  else  the  blinds  or  shutters,  when 
thrown  open,  will  interfere  with  one  another ;  in  general 
practice,  it  is  well  to  make  the  outside  piers  f  of  the  width 
of  one  of  the  middle  piers.  When  this  is  desirable,  deduct 
the  amount  of  the  three  openings  from  the  width  of  the 
front,  and  the  remainder  will  be  the  amount  of  the  width  of 
all  the  piers  ;  divide  this  by  lo,  and  the  product  will  be  j^  of 
a  middle  pier ;  and  then,  if  the  parlor  arrangements  do 
interfere,  give  twice  this  amount  to  each  corner  pier, 
three  times  the  same  amount  to  each  of  the  middle  piersJ 

51. — Prlnclplcii  «r  ArcltUet-'iurc. — To  build  well  requires 
close  attention  and  much  experience.     The  science  of  build- 
ing is  the  rcsylt  of  centuries  of  study.     Its  progress  towar^ 
perfection  must  have  been  exceedingly  slow.     In  the  c 
struction  of  the  first  frail  and  rude  habitations  of  men,  t 
primary  object  was,  doubtless,  utility — a  mere  shelter  from 
sun  and  rain.     But  as  successive  storms  shattered  his  p 
tenement,  man  was  taught  by  experience  the  necessity 
building  with  an  idea  to  durability.    And  as  the  symmetry, 
proportion,  and  beauty  of  nature  met  his  admiring  gaze, 
contrasting  so  strangely  with  the  misshapen  and  dispropor- 
tioned  work  of  his  own  hands,  he  was  led  to  make  gradual 
changes,  till  his  abode  was  rendered  not  only  commodious 
and  durable,  but  pleasant  in  its  appearance ;  and  building 
became  a  fine  art,  having  utility  for  its  basis.  ^^ 

52.— Arranff(>mcni,—  In  all  designs  for  buildings  of  ira^ 
portance.  utility,  durability,  and  beauty,  the  first  gi-eat  prin- 
ciples,  should  be  prc-cniincnt.     In  order  that  the  edifice  be 
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Iseful,  commodious,  and  comfortable,  the  arrangement  of  the 
jpartments  should  be  such  as  to  tit  them  for  their  several 
k^tiiiations  ;  for  publiu  assemblies,  oratory,  state,  visitors, 
ictiringj,  eating^,  reading,  sleeping,  bathing,  dressing,  etc, — 
.liese  should  each  have  its  own  peculiar  form  and  situation. 
To  accomplish  this,  and  at  the  same  time  to  make  their 
relative  situation  agreeable  and  pleasant,  producing  regu- 
j||ril3'  and  harmony,  require  in  some  instances  much  skill 
pd  sound  judgment.  Convenience  and  regularity  are  very 
mportant,  and  each  should  have  due  attention ;  yet  when 
!K)th  cannot  be  obtained,  the  latter  should  in  most  cases 
jive  place  to  the  former.  A  building  that  is  neither  con- 
venient nor  regular,  whatever  other  good  qualities  it  may 
5»  will  be  sure  of  disapprobation. 


S3. — Tentllailon. — Attention  should  be  given  to  such 
terangemcnts  as  are  calculated  to  promote  health :  among 
ihese,  ventilation  is  by  no  means  the  least.  For  this  pur- 
pose, the  ceilings  of  the  apartments  should  have  a  respect- 
able height;  and  the  sky-light,  or  any  part  of  the  roof  that 
^n  be  made  movable,  should  be  arranged  with  cnrd  and 
fullies,  so  as  to  be  easily  raised  and  lowered.  Small  open- 
near  the  ceiling,  that  may  be  closed  at  pleasure,  should 
lade  in  the  partitions  that  separate  the  rooms  from  the 
issages  —  especially  for  those  rooms  which  are  used  for 
lecping  apartments.  All  the  apartments  should  be  so  ar- 
jiangcd  as  to  secure  their  being  easily  kept  dry  and  clean. 

t  dwellings,  suitable  apartments  should  be  fitted   up  for 
thing  with  all    the    necessary   apparatus   for  conveying 
ilrater. 

54-, — Stability. — To  secure  this,  an  edifice  should  be,  de- 
Bgncd  upon  well-known  geometrical  principles ;  such  as 
cience  has  demonstrated  to  be  necessary  and  sufficient  for 
rmncss  and  durability.  It  is  well,  also,  that  it  have  the 
fpearance  of  stability  as  well  as  the  reality ;  for  should  it 
&em  tottering  and  unsafe,  the  sensation  of  fear,  rather  than 
pose  o{  admiration  and  pleasure,  will  be  excited  in  the  be- 
lolder.  To  secure  certainty  and  accuracy  in  the  applica- 
lon  of  tliose  principles,  a  knowledge  of  the  strength  and 
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other  properties  of  the  materials  used  is  indispensable  ;  and 
in  order  that  the  whole  design  be  so  made  as  to  be  capable 
of  executionf  a  practical  knowledge  of  the  requisite  mechan- 
ical operations  is  quite  important. 

55. — Decoration. — The  elegance  of  a  design,  although 
chiefly  depending  upon  a  just  proportion  and  harmony  of 
the  parts,  will  be  promoted  by  the  introduction  of  orna- 
ments, provided  this  be  judiciously  performed  ;  for  enrich- 
ments should  not  only  be  ol  a  proper  character  to  suit  the 
style  of  the  building,  but  should  also  have  their  true  posi- 
tion, and  be  bestowed  in  proper  quantity.  The  most  com- 
mon fault,  and  one  which  is  prominent  in  Roman  architec- 
ture, is  an  excess  of  enrichment :  an  error  which  is  carefully 
to  be  guarded  against.  But  those  who  take  the  Grecian 
models  for  their  standard  will  not  be  liable  to  ^o  to  that 
extreme.  In  ornamenting  a  cornice,  or  any  other  assem- 
blage oi  mouldings,  at  least  every  alternate  member  should 
be  left  plain  ;  and  those  that  arc  near  the  eye  should  be  more 
finished  than  those  which  are  distant.  Although  the  chai 
teristics  of  good  architecture  are  utility  and  elegance, 
councction  with  durability,  yet  some  buildings  arc  design! 
expressly  for  use,  and  others  again  for  ornament :  in  the 
former,  utility,  and  in  the  latter,  beauty,  should  be  the 
ernitig  principle. 


56. — Elementary  Parts  of  a  BMllding^.  —  The  buil< 
should  be  acquainted  with  the  priucijjlcs  upon  which 
essential,  elementary  parts  of  a  building  are  founded. 
scientific  knowledge  of  these  will  insure  certainty  and  sec 
rity,  and  enable  the  mechanic  to  erect  the  most  cxtcnsitj 
and  lofty  edifices  with  confidence.  The  more  imports 
parts  arc  the  foundatif)n,  the  column,  the  wall,  the  lintel, 
the  arch,  the  vault,  the  dome,  and  the  roof.  A  separate 
description  of  the  peculiarities  of  each  would  seem  to  be 
necessary,  and  cannot  perhaps  be  better  expressed  than  in 
the  following  language  of  a  modern  writer  on  this  subject, 
slightly  modified: 
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57. — The  Founduilon :  ol  u  building  should  be  begun 
It  a  certain  depth  in  the  earth,  to  secure  a  sulid  basis,  below 
he  reach  of  frost  and  coninion  accidents.  The  most  solid 
Idsis  is  rock,  or  gravel  which  has  not  been  moved.  Next 
so  these  are  clay  and  sand,  provided  no  otlier  excavations 
iave  been  made  in  the  immediate  neighborhood.  From 
Jiis  basis  a  stone  wall  is  carried  up  to  the  surface  of  the 
ground,  and  constitutes  the  foundation.  Where  it  is  in- 
tended that  the  superstructure  shall  press  unequally,  as  at 
Its  piers,  chimneys,  or  columns,  it  is  sometimes  of  use  to 
occupy  the  space  between  the  points  of  pressure  by  an 
nverted  arch.  This  distributes  the  pressure  equally,  and 
rorevents  the  foundation  from  springing  between  the  diflfcr- 
ent  points.  In  loose  or  muddy  situations,  it  is  always  un- 
safe to  build,  unless  we  can  reach  the  solid  bottom  below. 
tn  s;ilt  ixKirshcs  and  flats,  this  is  done  by  depositing  timbers, 
|>r  driving  wooden  piles  into  the  earth,  and  raising  walls 
Bpon  them.  The  preservative  quality  of  the  salt  will  keep 
lliese  timbers  unimpaired  for  a  great  length  of  lime,  and 
bakes  the  foundation  equally  secure  with  one  of  brick  or 
(tone. 

58> — The  Column,  or  Pillar :  is  the  simplest  member  in 
my  building,  though  by  no  means  an  essential  one  to  all. 
This  is  a  perpendicular  part,  commonlv  of  equal  breadth 
md  thickness,  not  intended  for  the  purpose  of  enclosure, 
»ut  simply  for  the  support  of  some  part  of  the  superstruc- 
ture. The  principal  force  which  a  column  has  to  resist  is 
hat  of  perpendicular  pressure.  In  its  shape,  the  shaft  of  a 
fohimn  .should  not  be  exactly  cylindrical,  but,  since  the 
ower  part  must  support  the  weight  of  the  superior  part,  in 
iddition  to  the  weight  which  presses  equally  on  the  whole 
»lumn,  the  thickness  should  gradually  decrease  from  bot- 
om  to  top.  The  outline  of  columns  should  be  a  little 
feurs'ed.  so  as  to  represent  a  portion  of  a  very  long  spheroid, 
Or  paraboloid,  rather  than  of  a  cone.  This  figure  is  the  joint 
PDSuIt  of  two  calculations,  independent  of  beauty  of  a[>pear- 
Ince.  One  of  these  is,  that  the  form  best  adapted  for  sta- 
>ihty  of  base  is  that  of  a  cone  ;  the  other  is,  that  the  figure, 
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which  would  be  of  equal  strength  throug-hout  for  support- 
ing a  superincumbent  weight,  would  be  generated  bv  the 
revolution  of  two  parabolas  round  the  axis  of  the  column, 
the  vertices  of  the  curves  being  at  its  extremities.  The 
swell  of  the  shafts  of  columns  was  called  the  entasis  by  the 
ancients.  It  has  been  latelv  found  that  the  columns  of  the 
Parthenon,  at  Athens,  which  have  been  commonly  supposed 
straight,  deviate  about  an  inch  from  a  straight  line,  and  that 
their  greatest  swell  is  at  about  one  third  of  their  height. 
Columns  in  the  antique  orders  are  usually  made  to  diminish 
one  sixth  or  one  seventh  of  their  diameter,  and  sometimes 
even  one  fourth.  The  Gothic  pillar  is  commonly  of  equal 
thickness  throughout. 


n^^ 


59. — The  Wall :  another  elementary  part  of  a  buildi 
may  be  considered  as  the  lateral  continuation  f»f  the  column, 
answering  the  purpose  both  of  enclosure  and  support,  A 
wall  must  diminish  as  it  rises,  for  the  same  reasons,  and  in 
the  same  proportion,  as  the  column.  Tt  must  diminish  still 
more  rapidly  if  it  extends  through  several  stories,  support- 
ing weights  at  different  heights.  A  wall,  to  possess  the 
greatest  strength,  must  also  consist  of  pieces,  the  upper  a: 
lower  surfaces  of  which  are  horizontal  and  regular, 
rounded  nor  oblique.  The  walls  of  most  of  the  anci 
structures  which  have  stood  to  the  present  time  are  o 
structed  in  this  manner,  and  frequently  have  their  stoi 
boinul  together  with  bolts  and  clamps  of  iron.  The  same 
mctht>d  is  adopted  in  such  modern  structures  as  are  intended 
to  possess  great  strength  and  durability,  and,  in  some  cases, 
the  stones  are  even  dovetailed  together,  as  in  the  light- 
houses at  Eddystone  and  Bell  Rock.  But  many  of  our 
modern  stone  walls,  for  the  sake  of  cheapness,  have  onlv  one 
face  of  the  stones  squared,  the  inner  half  of  the  wall  being 
completed  with  brick ;  so  that  they  can,  in  reality,  be  con- 
sidered only  as  brick  walls  faced  with  stone.  Such  walls  are 
said  to  be  liable  to  beccjme  convex  outwardly,  from  the  dif- 
ference in  the  shrinking  of  the  cement.  ktibbU'  walls  are 
made  of  rough,  irregular  stones,  laid  in  mortar.  The  stones 
should  be  broken,  if  possible,  so  as  to  produce  horizontal 
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'^'  T^r  walls  of  the  ancicui  Rumans  were  raadc 

b\  ,  L-ssive  portions  of  the  intended  wall  in  a 

box,  and  filling  it  with  stones,  sand,  and  mortar  promis> 
cuously.  This  kind  of  structure  must  have  been  extremely 
insecure.  The  Pantheon  and  various  other  Roman  build- 
ings arc  surrounded  with  a  double  brick  wall,  having  its 
vacancy  filled  up  with  loose  bricks  and  cement.  The  whole 
has  gradually  consolidated  into  a  mass  of  great  firmness. 

60* — The  Rellculatod  Wallii :  of  the  Romans — com- 
posed of  bricks  with  oblitiuc  surfaces — would,  at  the  j)resent 
day,  be  thought  highly  unphilosophical.  Indeed,  they  could 
nol  long  have  stood,  had  it  not  been  for  the  great  strength 
of  their  cement.  Modern  brick  walls  are  laid  with  great 
precision,  and  depend  for  firmness  more  upon  their  position 
than  upcin  the  strength  of  their  cement.  The  bricks  being 
laid  in  horizontal  courses,  and  continually  overlaying  each 
other,  or  brmking  joints,  \\\^  whole  mass  is  strongly  inter- 
woven, and  bound  together.  Wooden  walls,  composed  of 
limbers  covered  with  boards,  arc  a  common  b«it  more  per- 
ishable kind.  They  require  to  be  constantly  covered  with  a 
coating  of  a  foreign  substance,  as  paint  or  plaster,  to  pre- 
8Cr\'c  them  from  spontaneous  decomposition.  In  some  parts 
of  France,  and  elsewhere,  a  kind  of  wall  is  made  of  earth, 
rendered  compact  by  ramming  it  in  moulds  or  cases.  This 
method  i.s  called  building  in/ilf/,  and  is  much  more  durable 
than  the  nature  of  the  material  woukl  lead  us  to  suppose. 
Walls  of  all  kinds  are  greatly  strengthened  by  angles  and 
'  IS,  such  as  pilasters,  chimneys,  and 
;  ,  I  tions  serve  to  increase  the  breadth 
of  the  foundation,  and  are  always  to  be  made  use  of  in  large 
buildings,  and  in  walls  of  considerable  length. 

61. — Tke  Llnfel,  or  B«aiii:  extends  in  a  right  line  over 
a  vacant  space,  from  one  column  or  wall  to  another.  The 
strength  of  the  lintel  will  l3c  greater  in  proportion  as  its 
transverse  vertical  diameter  exceeds  the  horizontal,  the 
igth  being  always  as  the  square  of  the  depth.  The 
'\&  the  lateral  continuati(»n  or  connection  of  beams  by 
means  of  a  covering  of  boards. 
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62. — The  Arcli :  is  a  transverse  member  of  a  building, 
answering  the  same  purpose  as  the  lintel,  but  vastly  exceed- 
ing it  in  strcngtiu  The  arch,  iinhkc  the  lintel,  may  consist 
of  any  number  of  constituent  pieces,  without  impairing  its 
strcnjijth.  It  is,  however,  necessary  that  all  the  pieces  should 
possess  a  unilorm  shape, —  the  shape  of  a  portion  of  a 
wedge, — and  that  the  joints,  formed  by  the  contact  of  their 
surfaces,  should  point  towards  a  common  centre.  In  this 
case,  no  one  {►ortion  of  the  arch  can  be  displaced  or  forced 
inward ;  and  the  arch  cannot  be  broken  by  any  force  which 
is  nut  sufficient  to  crush  the  materials  of  which  it  is  made. 
In  arches  made  of  cunnnon  bricks,  the  sides  of  which  are 
parallel,  any  i?;rir  of  the  bricks  might  be  forced  inward,  were 
it  not  for  the  adhesion  of  the  cement.  Any  two  of  the  bricks, 
however,  by  the  disposition  of  their  mortar,  cannot  collect- 
ively be  forced  inward.  An  arch  of  the  proper  form,  when 
complete,  is  rendered  stronger,  instead  of  weaker,  by  the 
pressure  of  a  considerable  weight,  provided  this  pressure  be 
uniform.  While  building,  however,  it  requires  to  be  sup- 
ported by  a  centring  of  the  shape  of  its  internal  surface, 
until  it  is  complete.  The  upper  stone  of  an  arch  is  called 
the  knstoiu',  but  is  not  more  essential  than  any  other.  In 
regard  to  the  shape  of  the  arch,  its  most  simple  form  is  that 
of  the  semicircle.  It  is.  however,  very  frequently  a  smalU 
arc  of  a  circle,  or  a  portion  of  an  ellipse. 


63. — HookcV  Theory  o^nn  Arch. — The  simplest  theol 
of  an  arch  supporting  itself  only  is  that  of  Dr.  Hool 
The  arch,  when  it  has  only  its  own  weight  to  bear,  may 
considered  as  the  inversion  of  a  chain,  suspended  at  each 
end.  The  chain  hangs  in  such  a  form  that  the  weight  of 
each  link  or  portion  is  held  in  equilibrium  by  the  result  of 
two  forces  acting  at  its  extremities;  and  these  forces, 
tensions,  are  produced,  the  one  by  the  weight  of  the  portii 
of  the  chain  below  the  link,  the  other  by  the  same  wei^ 
increased  by  that  of  the  link  itself,  both  of  them  acting  ori- 
ginally in  a  vertical  direction.  Now,  supposing  the 
inverted,  so  as  to  constitute  an  arch  of  the  same  form 
weight,  the  relative  situations  of  the  forces  will  be  thesai 
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only  they  will  act  in  contrary  directions,  so  that  they  are 
compovinded  in  a  similar  manner,  and  balance  each  other  on 
the  same  conditions. 

The  arch  thus  formed  is  denominated  a  catenary  arch. 
In  common  cases,  it  differs  but  little  from  a  circular  arch  of 
the  extent  of  about  one  third  of  a  whole  circle,  and  rising 
from  the  abutments  with  an  obliquity  of  about  30  degrees 
from  a  perpentlicular.  But  though  the  catenary  arch  is  the 
best  form  for  supporting  its  own  weight,  and  also  all  addi- 
tional weight  which  presses  in  a  vertical  direction,  it  is  not 
the  best  form  to  resist  lateral  pressure,  or  pressure  like  that 
of  fluids,  acting  equally  in  all  directions.  Thus  the  arches 
of  bridges  and  similar  structures,  when  covered  with  loose 
stones  and  earth,  are  pressed  sideways,  as  well  as  vertically, 
in  the  same  manner  as  if  they  suf>portcd  a  weight  of  fluid. 
In  this  case,  it  is  necessary  that  the  arch  should  arise  more 
perpendicularly  from  the  abutment,  and  that  its  general  fig- 
ure should  be  that  of  the  longitudinal  segment  of  an  ellipse. 
In  small  arches,  in  common  buildings,  where  the  disturbing 
force  is  not  great,  it  is  of  little  consequence  what  is  the 
sha{>e  of  the  curve.  The  outlines  may  even  be  perfectly 
straight,  as  in  the  tier  of  bricks  which  wc  frequently  see 
over  a  window.  This  is.  strictly  speaking,  a  real  arch,  pro- 
vided the  surfaces  of  the  bricks  tend  toward  a  common 
centre.  It  is  the  weakest  kind  of  arch,  and  a  part  of  it 
is  necessarily  superfluous,  since  no  greater  portion  can  act 
in  supportmg  a  weight  above  it  than  can  be  included  be- 
tween two  curved  or  arched  lines. 

6A. — Oothic  Archcu.  —  Besides  these  arches,  various 
others  are  in  use.  The  acutf  or  lancet  arch,  much  used  in 
Gothic  architecture,  is  described  usually  from  two  cen- 
tres outside  the  arch.  It  is  a  strong  arch  for  supporting 
vertical  pressure.  The  rampant  arch  is  one  in  which  the  two 
ends  spring  from  unequal  heights.  '\\\<i  horseshoe  o^r  Moorish 
arch  is  described  from  one  or  more  centres  placed  above  the 
base  line.  In  this  arch,  the  lower  parts  are  in  danger  of 
being  forced  inward.  The  ogee  arch  is  concavoconvex,  and 
therefore  fit  only  for  ornament. 


52 


ARCHITECTURE. 


65. — Arch:  I^cflnitlonii;  Prlnciplci,  —  The  upper  sur- 
face is  called  the  twtrados,  and  the  inner,  the  intrados. 
The  spring  is  where  the  intradus  meets  the  abutments.  The 
span  is  the  distance  between  the  abutments.  The  wedge- 
shaped  stones  which  form,  an  arch  are  sometimes  called 
voussoirs,  the  uppermost  being  the  keystone.  The  part  of  a 
pier  from  which  an  arch  spriui^s  is  called  the  impost,  and  the 
curve  formed  by  the  under  side  of  the  voussoirs,  the  archi- 
volt.  It  is  necessary  that  the  walls,  abutments,  and  piers  on 
which  arches  are  supported  should  be  so  firm  as  to  resist  the 
lateral  thrust ^  as  well  as  vertical  pressure,  of  the  arch. 
It  will  at  once  be  seen  that  the  lateral  or  sideway  pressure 
of  an  arch  is  very  considerable,  when  we  recollect  that  every 
stone,  or  portion  of  the  arch,  is  a  wedge,  a  part  of  whose 
force  acts  to  sejjaratc  the  abutments.  For  want  of  attention 
to  this  circumstance,  important  mistakes  have  been  commit- 
ted, the  strength  of  buiklings  materially  imijaircd,  and  their 
ruin  accelerated.  Jn  some  cases,  the  want  of  lateral  firmness 
in  the  walls  is  compensated  by  a  bar  of  iron  stretched  across 
the  span  of  the  arch,  and  connecting^  the  abutments,  like  the 
tie-beam  of  a  roof.  This  is  the  case  in  the  cathedral  of  Mil 
and  some  other  Gothic  buildings. 


66. — An  Arcade:  or  continuation  of  arches,  needs  onl 
that  the  outer  supports  of  the  terminal  arches  should  t 
strong  enough  to  resist  horizontal  pressure.  In  the  inter- 
mediate arches,  the  lateral  force  of  each  arch  is  county 
acted  by  the  opposing  lateral  force  of  the  one  contiguous] 
it.  In  bridges,  however,  where  individual  arches  are  lial 
to  be  destroyed  by  accident,  it  is  desirable  that  each  of 
piers  should  possess  sufficient  horizontal  strength  to  res 
the  lateral  pressure  of  the  adjoining  arches. 
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67.— The  Vntilt :  is  the  lateral  continuation  of  an  arch, 
sers'ing  to  c<ivcr  an  area  or  passage,  and  bearing  the  same 
relati<jn  to  the  arch  that  the  wall  does  to  the  column.  A 
simple  vault  is  constructed  on  the  principles  of  the  arch,  and 
distributes  its  pressure  equally  along  the  walls  or  abutments, 
A  complex  or  groined  vault  is  made  by  two  vaults  intersect* 
ing  each  other,  in  which  case  the  pressure  is  thrown  upon 


VARIOUS   CONSTRUCTIONS  OF  THE   DOME.  53 

spring^ng^  points,  and  is  g^rcatly  increased  at  those  points. 
The  groined  vault  is  common  in  Gothic  architecture. 

68. — The  Dome :  sometimes  called  cupola,  is  a  concave 
covering-  to  a  building,  or  part  of  it,  and  may  be  either  a 
segment  of  a  sphere,  of  a  spheroid,  or  of  any  similar  figure. 
When  built  of  stone,  it  is  a  very  strong  kind  of  structure, 
even  more  so  than  the  arch,  since  the  tendency  of  each  part 
to  fall  is  counteracted,  not  only  by  those  above  and  below  it, 
but  also  b}'  those  on  each  side.  It  is  only  necessary  that 
the  constituent  pieces  should  have  a  common  form,  and  that 
this  form  should  be  somewhat  like  the  frustum  of  a  pyra- 
mid, so  that,  when  placed  in  its  situation,  its  four  angles  may 
point  toward  the  centre,  or  axis,  of  the  dome.  During  the 
erection  of  a  dome,  it  is  not  neccssarj'  that  it  should  be  sup- 

Ij. ported  by  a  centring,  until  complete,  as  is  done  in  the  arch. 

r  Each  circle  of  stones,  when  laid,  is  capable  of  supj>orting 
itself  without  aid  from  those  above  it.  It  follows  that  the 
dome  may  be  left  open  at  top,  without  a  keystone,  and 
vet  be  perfectly  secure  in  this  respect,  being  the  reverse  of 
the  arch.  The  dome  of  the  Pantheon,  at  Rome,  has  been 
always  open  at  top,  and  yet  has  stood  unimpaired  for  nearly 
2000  years.  The  upper  circle  of  stones,  though  apparently 
the  weakest,  is  nevertheless  often  made  to  sujipurL  the  addi- 
tional weight  of  a  lantern  or  tower  above  it.  In  several  of 
the  largest  cathedrals,  there  are  two  domes,  one  within  the 
other,  which  contribute  their  joint  support  to  the  lantern, 
which  rests  upon  the  tojj.  In  these  buildings,  the  dome 
rests  upon  a  circular  wall,  which  is  supported,  in  its  turn,  by 
arches  upon  massive  pillars  or  piers.  This  construction  is 
called  building  upon  pcndintives,  and  gives  open  space  and 
room  for  passage  beneath  the  dome.  The  remarks  which 
have  been  made  in  regard  to  the  abutments  of  the  arch 
apply  equally  to  the  walls  immediately  supporting  a  dome. 
They  must  be  of  sufficient  thickness  and  solidity  to  resist 
the  lateral  pressure  of  tlie  dome,  which  is  very  great.  The 
walls  of  the  Roman  Pantheon  are  of  great  dejjth  and  solid- 
ity. In  order  that  a  dome  in  itself  should  be  perfectly 
secure,  its  lower  parts  must  not  be  too  nearly  vertical,  since, 
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in  this  case,  they  partake  of  the  nature  of  perpendicular 
walls,  and  are  acted  upon  by  the  spreading  force  of  the 
parts  above  them.  The  dome  of  St.  Paul's  Church,  in  Lt 
don,  and  some  others  of  similar  construction,  are  bound  vr'itl 
chains  or  hoops  of  iron,  to  prevent  them  from  spreading  at 
bottom.  Domes  which  are  made  of  wood  depend,  in  partf 
for  their  strength  on  their  internal  carpentry.  The  Halle 
du  Bled,  in  Paris,  had  oritrinally  a  wooden  dome  more  th.in 
200  feet  in  diameter,  and  otily  one  foot  in  thickness.  This 
has   since    been    replaced    b}'   a   dome    of  iron.     (See    Jr/- 

235') 

69. — Til©  Roof:  is  the  most  common  and  cheap  method 
of  covcring^  buildings,  to  protect  them  from  rain  and  other 
effects  of  the  wcatl^^cr.     It  is  sometimes  flat,  but  more  fre- 
quently oblique,  in  its  shape.     The   flat  or  platform  roof  is     ' 
the  least  advantageous  for  shedding  rain,  and  is  seldom  used 
in    northern    countries.     The  /<"///  roof,   consisting   n[  two 
oblique  sides  meeting  at  top,  is  the  most  common  form. 
These  roofs  are  made  steepest  in  cold  climates,  where  they 
are  liable  to  be  loaded  with  snow.     Where  the  four  sides  Q^j 
the  roof  are  all  oblique,  it  is  denominated  a  hipped  roof»  ai|^H 
where  there  arc  two  portions  to  the  roof,   of  different  OD^^ 
liquity,  it  is  a  curb,  or  mansard  roof.     In  modern  times,  roofs 
are  made  almost  exclusively  of  wood,  though  frequently 
covered  with  incombustible  materials.     The  internal  stRic- 
ture  or  carpentry  of  roofs  is  a  subject  of  considerable 
chanical   contrivance.      The   roof  is  supported    bv  rafi 
which  abut  on  the  walls  on  each  side,  like  the  extremities 
an  arch.      If  no  other  timbers  existed  except  the  rafters, 
they  would  exert  a  strong  Literal  pressure  on  the  walls, 
tending  to  separate  and   overthrow  them.     To  counteract 
this  lateral  force,  a  tir-hf'am,  as  it  is  called,  extends  across^ 
receiving  the  ends  of  the  rafters,  and  protecting   the  wall 
from  their  horizontal  thrust.     To  prevent  the  tic-beam  from 
sagging,  or  bending  downward  with  its  own  weight,  a  kittg- 
pMi  is  erected  from  this  beam,  to  the  upper  angle  of  the 
rafters.  ser\'ing  to  connect  the  whole,  and  to  suspend  the 
weight  of  the  beam.     This  is  called  trussing,     Quiin-posts 
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are  sometimes  added,  parallel  to  the  king-post,  in  larg^e  roofs  t 
also  various  other  connecting  timbers.  In  Gothic  buildings, 
where  the  vaults  do  not  admit  of  the  use  of  a  tie-beam,  the 
rafters  are  prevented  from  spreading,  as  in  an  arch,  by  the 
strength  of  the  buttresses. 

In  comparing  the  lateral  pressure  of  a  high  roof  with 
that  of  a  low  one,  the  length  of  the  tie-beam  being  the  same, 
it  will  be  seen  that  a  high  roof,  from  its  containing  most 
materials,  may  produce  the  greatest  pressure,  as  far  as 
weight  is  concerned.  On  the  other  hand,  if  the  weight  of 
both  be  equal/thcn  the  low  roof  will  exert  the  greater  press- 
ure ;  and  this  will  increase  in  proportion  to  the  distance  of 
the  point  at  which  perpendiculars,  drawn  from  the  end  of 
each  rafter,  would  meet.  In  roofs,  as  well  as  in  wooden 
domes  and  bridges,  the  materials  are  subjectetl  to  an  inter- 
nal strain,  to  resist  which  the  cohesive  strength  of  the  ma- 
terial is  relied  on.  On  this  account,  beams  shi)nkl,  when 
possible,  be  of  one  piece,  Where  this  cannnt  be  effected, 
two  or  more  beams  are  connected  together  by  splicing. 
Spliced  beams  are  never  so  strong  as  whole  ones,  yet  they 
may  be  made  to  approach  the  same  strength,  by  affixing  lat- 
eral pieces,  or  by  making  the  ends  overlay  each  other,  and 
connecting  them  with  bolts  and  straps  of  iron.  The  ten- 
dency to  separate  is  also  resisted,  by  letting  the  two  pieces 
into  each  other  by  the  process  called  scarfing.  Mortices^  in- 
tended to  truss  or  suspend  one  piece  by  another,  should  be 
formed  upon  similar  principles. 

Roofs  in  the  United  States,  after  being  boarded,  receive 
a  sec(Jndary  covering  of  shingles.  When  intended  to  be 
incombustible,  they  are  covered  with  slates  or  earthen  tiles, 
or  with  sheets  of  lead,  copper,  or  tinned  iron.  Slates  are 
preferable  to  tiles,  being  lighter,  and  absorbing  less  moisture. 
/  Metallic  sheets  are  chiefly  used  for  flat  roofs,  wooden  domes, 
and  curved  and  angular  surfaces,  which  require  a  flexible 
material  to  cover  them,  or  have  not  a  sufficient  pitch  to  shed 
the  rain  from  slates  or  shingles.  Various  artificial  composi, 
tions  are  occasionally  used  to  cover  roofs,  the  most  common 
of  which  arc  mixtures  of  tar  with  lime,  and  sometimes  with 
sand  and  gravel. — Ency,  Am.    (See  Art.  202.) 
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Art.  70. — C<*nMtruftl»ti  Enseniial. — Construction  is  that 
part  of  the  Science  oi  Building  which  treats  of  the  Laws  of 
Pressure  and  the  strength  of  materials.  To  tlie  architect 
and  builder  a  knowledge  of  it  is  absolutely  essential.  It  de- 
serves a  larger  place  in  a  volume  of  this  kind  than  is  gene- 
rally allotted  to  it.  Something,  indeed,  has  been  said  upon 
the  styles  and  principles,  by  wiiich  the  best  arrangements 
may  be  ascertained  ;  yet,  besides  tliis,  there  is  much  to  be 
learned.  For  however  precise  or  u  orkiiiaiilike  the  several 
parts  may  be  made,  what  will  it  avail,  should  the  system  of 
framing,  from  deficient  material,  or  an  erroneous  position  of 
its  timbers,  fail  to  sustain  even  its  own  weight  ?  Hence  the 
necessity  for  a  knowledge  of  the  laws  of  pressure  and 
strength  of  materials.  These  being  once  understood, 
can  with  confidence  determine  the  best  position  and  dim« 
sions  for  the  several  pieces  which  compose  a  floor  or  a 
a  partition  or  a  bridge.  As  systems  of  framing  are  more] 
less  exposed  to  heavy  weights  and  strains,  and,  in  case 
failure,  cause  not  only  a  loss  of  labor  and  material,  but  fre- 
quently that  of  life  itself,  it  is  very  important  that  the  mate- 
rials employed  be  of  the  proper  quantity  and  quality  to  serve 
their  destination.  And,  on  the  other  hand,  any  superfluous 
material  is  not  only  useless,  but  a  positive  injurv,  as  it  is 
unnecessary  load  upon  the  points  of  support.  It  is  ncct 
sary,  therefore,  to  know  the  /fast  quantity  of  material  tl 
will  suffice  for  strength.  Not  the  least  common  frjult 
framing  is  that  of  using  an  excess  of  material.  Econom^'.J 
least,  would  seem  to  require  that  this  evil  be  abated. 

Before  proceeding  to  consider  the  principles  upon  whiclT 
a  system  of  framing  should  be  constructed,  let  us  attend 
a  few  of  the  elementary  laws   in  Mcchnnics^  which  will 
found  to  be.of  great  value  in  determining  those  principles 


Kawii  of  PrcHMure, — (i.)  A  heavy  body  always  ex- 
erts a  pressure  cquul  to  its  own  weight  in  a  vertical  direc- 
tion. Example:  Suppose  an  iron  ball  weighing  loo  lbs.  be 
supported  upon  the  top  of  a  perpendicular  post  {Fi^.  22-.'J) ; 
then  the  pressure  exerted  upon  that  post  will  be  equal  to 
the  weight  of  the  ball,  viz.,  loo  lbs.  (2.)  But  if  two  inclined 
jKlsts  (Fig:  22-B)  be  substituted  for  the  perpendicular  sup- 
port, the  united  pressures  upon  these  posts  will  be  jnore 
than  equal  to  the  weight,  and  will  be  in  proportion  to  their 
position.  The  farther  apart  their  feet  are  spread  the  greater 
will  be  the  pressure,  and  I'tce  versa.  Hence  tremendous 
strains  may  be  exerted  by  a  comparatively  small  weight. 
And  it  follow^,  therefore,  that  a  piece  of  timber  intended 
for  a  strut  or  post  should  be  s«i  placed  that  its  axis  may 
coincide,  as  nearly  as  possible,  with  the  direction  of  the 
pressure.  The  direction  of  the  pressure  nf  the  weight  IV 
{Fig^.  22-B)  is  in  the  vertical  line  b  t/;  and  the  weight  IV 
would  fall  in  that  line  if  the  two  posts  were  removed  ;  hence 
the  best  position  for  a  support  for  the  weight  would  be  in 


Fig.  22. 


that  line.  But  as  it  rarely  occurs  in  svstcms  of  framing 
that  weights  can  be  supported  by  any  single  resistance,  they 
requiring  generally  two  or  more  supports  (as  in  the  case  of 
a  roof  supported  by  its  rafters),  it  becomes  important,  there- 
fore, to  know  the  exact  amount  of  [iressure  any  certain 
weight  is  capable  of  exertnig  upon  oblique  supports.  Now, 
it  has  been  ascertained  that  the  three  lines  of  a  triangle, 
drawn  parallel  with  the  direction  of  three  concurring  forces 
to  equilibrium,   are   in    proportion    respectively    to    these 
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forces.  For  example,  in  Fig.  22-B,  we  have  a  representation 
of  three  forces  concurring^  in  a  point,  which  forces  are  in 
equiHbrium  and  at  rest ;  thus,  the  weight  \V  is  one  force, 
and  the  resistances  exerted  by  the  two  pieces  of  timber  are 
the  other  two  forces.  The  direction  in  which  the  first  force 
acts  is  vertical — downwards;  the  direction  of  the  two  other 
forces  is  in  the  axis  of  eacli  piece  of  timber  respectively. 
These  three  forces  all  tend  towards  the  point  b. 

Draw  the  axes  a  tf  and  be  oi  the  two  supports;  make  b d 
vertical,  and  from  //draw  d e  and  d /  parallel  with  the  axes 
b  c  and  b  a  repectivety.  Then  the  triangle  b  d  e  has  its 
lines  parallel  respectively  with  the  direction  of  the  three 
forces;  thus,  bd  is  in  the  direction  of  the  weight  lV,d  t'  paral- 
lel with  the  axis  of  the  timber  j9,and  c  b  is  in  the  direction  of 
the  timber  i\  \n  accordance  with  the  principle  above  stated, 
the  lengths  of  the  sides  of  the  triangle  b  d  e  are  in  propor- 
tion respectively  to  the  three  forces  aforesaid  ;  thus — 

As  the  length  of  ihc  line  b  d 

Is  to  the  number  of  pounds  in  the  weight  IV, 

So  is  the  length  of  the  line  b  c 

To  the  number  of  pounds'  pressure  resisted  by 
timber  C 
Again — 

As  the  length  of  the  line  b  d 

Is  to  the  number  of  pounds  in  the  weight  JF, 

So  is  the  length  of  the  hne  d  c 

To  the  number  of  pounds'  pressure  resisted  by  tl 
timber  D> 
And  again — 

As  the  length  of  the  line  b  e 

Is  to  the  pounds*  pressure  resisted  by  C, 

So  is  the  length  of  the  line  d  <■ 

To  the  pounds'  pressure  resisted  by  D. 

These  proportions  are  more  briefly  stated  thus — 

Ut.  bd'.  W'.'.be-.P, 

P  being  used  as  a  symbol  to  represent  the  number  of  pounds^ 
pressure  resisted  by  the  timber  C, 


PARALLELOGRAM   OF   FORCES. 
2d.  bd',WMdf\Q, 


(?  irprcscnting  the  number  of  pounds'  pressure  resisted  by 
the  timber  D. 


Id. 


b€'.P.ide:Q. 


72. — f*nnUlrlo^aiu  of  Forces. — This  relation  between 
lines  and  pressures  is  applicable  in  ascertaining  the  pres- 
sures induced  by  known  weights  throughout  any  system  ol 
framing.  The  parallelogram  b  i  d  f  is  called  the  PamlUla- 
iram  o/ Forcts ;  the  two  hnes  bt  and  /'/  being  called  the 
fpmppnmts,  and  the  line  b  d  the  rtsultant.  Where  it  is  re- 
quired to  fltjd  the  (omponittts  from  a  given  resultant  {Fig. 
32-By,  the  fourth  line  d/  need  not  be  drawn,  (or  the  triangle 
hd r  g^vcs  the  desired  result.  But  when  the  rtsultanS  is  to 
be  ascertained  from  given  components  {,Fig,  28),  it  is  more 
coavenicnt  to  draw  the  fourth  line. 

73* — ^The  Be»olutioii  of  Forces  t  is  the  finding  of  two 
or  more  forces  which,  acting  in  different  directions,  sbali 

iClly  bidance  the  pressure  of  any  given  singU  force.  To 
c  a  practical  application  of  this,  let  it  be  required  to 
Mcertaiii  the  oblique  pressure  in  Fig.  22-B.  In  this  figure  the 
line  hd  measures  half  an  inch  (o-5  inch),  and  the  line  be 
three  tenihs  i»f  an  inch  <o-3  inch).  Now  if  the  weight  IV 
be  supposed  to  be  1200  pounds,  then  the  first  stated  propor- 
Ikio  above,  ^ 

bdi  Wiib  (  :  P,   becomes  o-  5  :  J  200  : :  o-  3  :  P. 

And  since  the  pnxluct  of  the  means  divided  by  one  of  the 
extremes  gives  the  other  extreme,  this  pniportion  may  be 
pittl  in  the  fumi  of  an  equation,  thus — 

1200X  O'l  _p 

05 

c  arithmetical  operation  here  indicated — that 

is,  i ,    •  ^.:^  together  the  two  quantities  above  the  line, 

and  dividing  the  product  by  the  quantity  under  the  Knc— »thc 


720  =  p. 

The  strain  upon  the  timber  C  is,  therefore,  equal  to  720 
pounds;  and  since,  in  this  case  (the  two  timbers  being  in- 
cliried  equally  from  the  vertical^  the  line  «■  d  is  equal  to  the 
line  b  e^  therefore  the  strain  upon  the  other  timber  D  is 
also  720  pounds. 

\ 

^V  74. — Itii^lliiittloii  of  Sii|>p«>riti  Unequal. — In  Fig.  23  the 

I  pressures  in  the  two  supports  arc  unequal.     The  supports 

1  are   also   unequal    in  length.     The  length  of  the  supports, 

however,  does  not  alter  the  amount  of  pressure  from  the 
concentrated  load  supported ;  but  generally  long  timbers 
are  not  so  capable  of  resistance  as  shorter  ones.  For,  not 
being  so  stiff,  they  bend  more  readil}',  and,  since  the  com- 
pression is  in  proportion  to  the  length,  they  therefore 
shorten  more.  To  ascertain  the  pressures  in  Fig.  23,  let  the 
weight  suspended  from  b  d  be  equal  to  two  and  three  quarter 
tons  (2-75  tons).  The  line  b  d  measures  five  and  a  half 
tenths  of  an  inch  (0-55  inch),  and  the  line  ^  ^  half  an  inch 
(0'5  inch).     Therefore,  the  proportion 


Fig.  23. 
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and  2.75  X  0.5  ^p^ 

0-55 

2.75 
0.5 


o- 55)1  •375(2-5  =  ^- 
I  10 


275 

275 


The  strain  upon  the  timber  A  is,  therefore,  equal  to  two 
and  a  half  tons. 

Again,  the  line  e  d  measures  four  tenths  of  an  inch  (0*4 
inch) ;  therefore,  the  proportion 

b  d'.  IV::  e  d:  Q  becomes  0-55  :  2-75  : :  0*4  :  Q^ 

and  2.75x0.4^^ 

0.55 

2.75 
0-4 


0.55)  1.100(2  =  a. 
I   10 


The  strain  upon  the  timber  B  is,  therefore,  equal  to  two 
tons. 

75. — The  Strains  Exceed  the  Weights. — Thus  the  united 
pressures  upon  the  two  inclined  supports  always  exceed  the 
weight.  In  the  last  case,  2f  tons  exert  a  pressure  of  2^  and 
2  tons,  equal  together  to  4^  tons ;  and  in  the  former  case, 
1200  pounds  exert  a  pressure  of  twice  720  pounds,  equal  to 
1440  pounds.  The  smaller  the  angle  of  inclination  to  the 
horizontal,  the  greater  will  be  the  pressure  upon  the  sup- 
ports. So,  in  the  frame  of  a  roof,  the  strain  upon  the  rafters 
decreases  gradually  with  the  increase  of  the  angle  of  incli- 
nation to  the  horizon,  the  length  of  the  rafter  remaining  the 
same. 
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This  is  true  in  comparing  one  system  of  framing  with] 
another  ;  but  in  a  system  where  the  concentrated  weight  to 
be  supported  is  not  in  the  middle  (see  Fig.  23),  and,  in  con*' 
sequence,  the  supports  are  not  inclined  equally,  the  strain 
will  be  gn-ati^si  upon  that  support  which  has  the  greatest 
inclination  to  the  horizon. 

76. — niiiiiiiitim  TliruNt  of  Riinci-fl. — Ordinarily,    as    in 
roofs,  the  load  is  not  concentrated,  it  being  that  of  the  fram- 
ing itself.   Here  the  amount  of  the  load  will  be  in  pn^portjon 
to  the  length  of  tlic  rafter,  and  this  will  increase  with  the 
increase  of  the  angle  of  inclination,  the  span  remaining  the 
same.     So  it  is  seen  that  in  enlarging  the  angle  of  inclina- 
tion to  the  horizon  in  order  to  lessen  the  oblique  thrust,  the 
load  is  increased  in  consequence  of  the  elongation  of  the 
rafter,  thus  increasing  the  oblique  thrust.     Hence  there  is 
an  economical  angle  of  inclination.     A  rafter  will  have  the 
least  oblique  thrust   when    its  angle  of  inclination    to  the 
horizon  is  35"*  16'  nearly.    This  angle  is  attained  very  nearly 
when  the  rafter  rises  8^  inches  per  foot,  or  when  the  height  -k 
B  C  {Fig.  32)  is  to  the  base  .ri  C  as  8i  is  to  12,  or  as  0-7071  is 
to  10. 

77« — Pracilcnl  TMctliod  ciri>etcnn1niii|(  Strnlna. — A  com- 
parison of  pressures  in  timbers,  according  t^  their  position, 
may  be  readily  made  by  drawing  varitjus  designs  of  framing 
and  estimating  the  several  strains  in  accordance  with  the 
parallelogram  of  forces,  always  drawing  the  triangle  b4t 
so  that  the  three  lines  shall  be  parallel  with  the  three  forces 
or  pressures  respectively.  The  ifugth  of  the  lines  formiof^ 
this  triangle  is  unimportant,  but  it  will  be  found  more  con- 
venient if  the  hne  drawn  parallel  with  the  kmnfu  force  is 
made  to  contain  as  many  inches  as  the  known  force  contains 
pounds,  or  as  many  tenths  of  an  inch  as  jxiunds.  or  ns  many 
inches  as  101s.  or  tenths  of  an  inch  as  tons;  or,  in  gx:ncral, 
as  many  divisions  of  any  convenient  scale  as  there  are  units 
of  weight  or  pressure  in  the  known  force.  If  drawn  in  this 
manner,  then  the  number  of  divisions  of  the  same  scale 
found  in  the  other  two  lines  of  the  triangle  will  equal  the 
units  of  pressure  or  weight  of  the  other  two  forces  respxict- 
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ively,  and  the  pressures  sought  will  be  ascertained  simply  by 
applying  the  scale  to  the  lines  uf  the  triangle. 

For  example,  in  Fig.  23,  the  vertical  line  b  d,  of  the  tri- 
angle, measures  fifty-five  hundredths  of  an  inch  (o-55  inch); 
the  line  b  e^  fifty  hundredths  (o-  50  inch)  ;  and  the  line  e  d^ 
forty  (0'40  inch).  Now,  if  it  be  supposed  that  the  vertical 
pressure,  or  the  weight  suspended  below  b  d^  is  equal  to  55 
pounds,  then  the  pressure  on  A  will  equal  50  pounds,  and 
that  on  B  will  equal  40  pounds  ;  for.  by  the  proportion  above 
stated, 

b  d\  W\'.be\P, 

5S  :S5  "50:  50: 


d  so  of  the  other  pressure. 

If  a  scale  cannot  be  had  of  equal  proportions  with  the 
forces,  the  arithmetical  process  will  be  shortened  somewhat 
by  making  tlie  line  of  the  triangle  that  represents  the  known 
weight  equal  to  unity  of  a  decimally  divided  .scale,  then  the 
other  lines  will  be  measured  in  tenths  or  hundredths ;  and 
in  the  numerical  statement  of  the  proportions  between  the 
lines  and  forces,  the  first  term  being  unity,  the  fourth  term 
will  be  ascertained  simply  by  multiplying  the  second  and 
third  terms  together. 

For  example,  if  the  three  lines  are  1,  0-7,  and  1-3,  and 
the  known  weight  is  6  tons,  then 

b d  \   W ','.  b e  :  P   becomes 
1:6::  0-7  :  /^=  4.2, 

equals  four  and  two  tenths  tons.     Again — 

b  d  \   W  w  e  d  \  Q  becomes 

1  :6::  1-3:  Q^  7.8, 

equals  seven  and  eight  tenths  tons. 

78.— Ilorlzonial  Thriiit.— In  Fig.  24,  the  weight  JFpresses 
the  struts  in  the  direction  of  their  length  ;  their  feet,  n  «, 
therefore,  tend  to  move  in  the  direction  no,  and  would  so 
move  were  they  not  opposed  by  a  sufficient  resistance  from 
the  blocks,  A  and  A.    If  a  piece  of  each  block  be  cut  off  at 
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the  horizontal  line,  a  n,  the  feet  of  the  struts  would  slide 
away  from  each  (ttlier  along-  that  line,  in  the  direction  na; 
but  if,  instead  of  these,  twn  pieces  were  cut  off  at  the  verti- 
cal line,  nh,  then  the  struts  would  descend  vertically.  To 
estimate  the  horizontal  and  the  vertical  pressures  exerted  by 
the  struts,  let  no  be  made  equal  (upon  any  scale  of  equal 
parts)  to  the  number  of  tons  with  which  the  strut  is  pressed; 
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construct  the  parallelogram  of  forces  by  drawing  o  c  parallel 
to  a  n,  and  0/  parallel  to  ^  « ,•  then  n/  (by  the  same  scale) 
shows  the  number  of  tons  pressure  that  is  exerted  by  the 
strut  in  the  direction  Ji  a,  and  tt  c  shows  the  amount  exerted 
in  the  direction  ft  L     By  constructing  designs  similar  tothis^ 
giving  various  and  dissimilar  positions  to  the   struts,  ^^^| 
then  estimating  the  pressures,  it  will  be  found  in  every  cai^^ 
that  the  horizontal  pressure  of  one  strut  is  exactly  equal  to 
that  of  the  other,  however  much  one  strut  may  be  inclined 
more   than  the   other;    and  also,  that   the   united   vertical 
pressure  of  the  two  struts  is  exactly  equal  to  the  weight  IV. 
(In  this  calculation  the  weight  of  the  timbers  has  not  been 
taken  into  consideration,  simply  to  avoid  complication  to 
the  learner.    In  practice  it  is  requisite  to  include  the  weigl 
of  the  framing  with  the  load  upon  the  framing.) 

Suppose   that   the   two  struts,  /?  and  B  {fi^.  24),  were 
rafters  of  a  roof,  and  that  instead  of  the  blocks,  A  and  . 
walls  of  a  building  were    the    supports :   then,  to  pr 
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the  walls  from  being  thrown  over  by  the  thrust  of  B  and  B, 
it  would  be  desirable  to  remove  the  horizontal  pressure. 
1  nis  may  be  done  by  uniting^  the  feet  of  the  rafters  with  a 


Fic.  25. 

rope,  iron  rod,  or  piece  of  timber,  as  in  Fi,^.  25.  This  figure 
is  similar  to  the  truss  of  a  roof.  The  horizontal  strains  on 
the  tie-beam,  tendin^j  to  pull  it  asunder  in  the  direction  of 
its  length,  may  be  measured  at  the  foot  of  the  rafter,  as  was 
shown  at  Fig.  24 ;  but  it  can  be  more  readily  and  as  accu- 
rately measured  by  drawing  from  /and  i'  horizontal  lines  to 
the  vertical  line,  bd,  meeting  it  in  t>  and  0 ;  thenyf  will  be 
the  horizontal  thrust  at  /?,  and  f  0  at  A ;  these  will  be  found 
to  equal  one  another.  When  the  rafters  of  a  roof  are  thus 
connected,  nil  tendency  to  thrust  out  the  walls  horizontally 
is  removed,  the  only  pressure  on  them  is  in  a  vertical  direc- 
tion, being  equal  to  the  Aveight  of  the  roof  and  whatever  it 
has  to  support.  This  pressure  is  beneficial  rather  than 
otherwise,  as  a  roof  having  trusses  thus  formed,  and  the 
trusses  well  braced  to  each  other,  tends  to  steady  the  walls. 

79«-~PoMltloti  of  Supiiorii.— /vX'^.  26  and  27  exhibit  two 
methods  of  supporting  the  equal  weights,  W  and  W\  Let 
it  be  required  to  measure  and  compare  the  strains  produced 
on  the  pieces,  A  B  and  A  C.  Construct  the  parallelogram  of 
forces,  ebfdy  according  to  Art.  71.     Then  bf\\\\\  show  the 
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Strain  on  A  B,  and  6  e  the  strain  on  A  C.  By  comparing  the 
figures,  bd  being  equal  in  each,  it  will  be  seen  that  the 
strains  in  Fig.  26  are  about  three  times  as  great  as  those  in 


Fig.  27. 


Fig.  27 ;  the  position  of  the  pieces,  A  B  and  A  C,  in  Fig,  27, 
is  therefore  far  preferable. 


Fig.  28. 


80i— The  Compotttlon  of  Forces:  consists  in  ascertain- 
ing  the  direction  and  amount  of  one  force  which  shall  be 
just  capable  of  balancing  two  or  more  given  forces,  acting  in 
different  directions.     This  is  only  the  reverse  of  the  resolu- 
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tion  of  Torces ;  and  the  two  are  founded  on  one  and  the 
same  principle,  and  may  be  solved  in  the  same  manner.  For 
example,  let  A  and  B  {Fi^.  28)  be  two  pieces  of  timberi 
pressed  in  the  direction  of  their  length  towards  b — A  by  a 
force  equal  to  6  tons  weight,  and  B  9  tons.  To  find  the 
direction  and  amount  of  pressure  they  would  unitedly  exert, 
draw  the  lines  b  c  and  b/  in  a  line  with  the  axes  of  the 
timbers,  and  make  b  e  equal  to  the  pressure  exerted  by  B, 
viz.,  9 ;  also  make  ^y  equal  to  the  pressure  on  A,  viz.,  6,  and 
complete  the  parallelogram  of  forces  ebfd;  then  bd,  the 
diagonal  of  the  parallelogram,  will  be  the  direction,  and  its 
length,  9-25,  will  be  the  amount,  of  the  united  pressures  of 
A  and  of  B,  The  line  bd\%  termed  the  resultant  of  the  two 
forces  /'/  and  be.  If  A  and  j9  are  to  be  supported  by  one 
post,  C,  the  best  position  for  that  post  will  be  in  the  direc- 
tion of  the  diagonal  bd\  and  it  will  require  to  be  sufficiently 
Strong  to  support  the  united  pressures  of  A  and  of  B,  which 
are  equal  to  9*  25  or  gi  tons. 
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Fig.  29. 

81a— Another  Exniiiple.— Let  Fig.  29  represent  a  piece  of 
f.aming  commonly  called  a  crane,  which  is  used  for  hoist- 
ing heavy  weights  by  means  of  the  rope,  B  bf,  which  passes 
over  a  pulley  at  b.  This,  though  similar  to  Figs.  26  and  27,  is, 
however,  still  materially  different.  In  those  figures,  the 
strain  is  in  one  direction  only,  viz.,  from  b  to  d;  but  in  this 
there  are  two  strains,  from  A  to  B  and  from  A  to  IV.  The 
strain  in  the  direction  A  B  is  evidently  equal  to  that  in  the 
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direction  A  IK  To  ascertain  the  best  position  for  the  stmt 
A  C,  make  b  t-  equal  to  h /.  and  complete  the  parallelogram  of 
forces  cb  f  d ;  then  draw  the  diagonal  hd,  and  it  will  be  the 
position  required.  Should  the  foot,  C  of  the  strut  be  placed 
either  higher  or  lower,  the  strain  on  A  C  would  be  in- 
creased. In  constructing  cranes,  it  is  advisable,  in  order 
that  the  piece  B  A  may  be  under  a  gentle  pressure,  to  place 
the  foot  of  the  strut  a  trifle  lower  than  where  the  diagonal 
^</ would  indicate,  but  never  higher. 


r\ 
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Fig.  30. 

82,— Tien  and  siriiin,— Timbers  in  a  state  of  tension  are 

called  fits,  while  such  as  are  in  a  state  of  compression  are 
termed  struts.  This  subject  can  be  illustrated  in  the  follow- 
ing manner : 

Let  A  and  B  {Fi^.  30)   represent  beams  of  timber  sup- 
porting the  weights  W,  \Vj  and  \V ;  A  having  but  one  sup- 
port, which  is  in  the  middle  of  its  length,  and  B  two,  one  at 
each  end.     To  show  the  nature  of  the  strains,  let  each  beam 
be  sawed  in  the  middle  from  a  to  b.    The  effects  are  obviou^^ 
the  cut  in  the  beam  A    will  open,  whereas  that  in  B  av|^| 
close.     If  the  weights  arc  heavy  enough,  the  beam  A  will    \ 
break  at  b ;  while  the  cut  in  B  will  be  closed  perfectly  tight 
at  a,  and  the  beam  be  very  little  injured  by  it.     But  if,  on 
the  other  hand,  the  cuts  be  made  in  the  bottom  edge  of  the 
timbers,  from  c  to  /^  B  will  be  seriously  injured,   while  A 
will  scarcely  be  affected.     By  this  it  appears  evident  that, 
in  a  piece  of  timber  subject  to  a  pressure  across  the  direction 
of  its  length,  the  fibres  are  exposed  to  contrary  strains.     If 
the  timber  is  supported  at  both  ends,  as  at  />\  those  from  the. 
top  edge  down  to  the  middle  are  compressed  in  the  dij 
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ol"  Ihcir  Icag^th,  while  those  from  the  middle  to  the  bottom 

edge  arc  in  a  state  of  tension  ;  but  if  the  beam  is  supported 

a»  at  A^  the  contrary  effect  is  produced  ;  while  the  fibres  at 

'^c  middle  of  cither  beam  are  not  at  all  strained.   The  strains 

'Q  a  framed  truss  are  of  the  same  nature  as  those  in  a  single 

»*<?am.     The  truss  for  a  roof,  being  supported  at  each  end, 

''^^  its  tic-bcara  in  a  state  of  tension,  while  its  rafters  are 

*^' "^  — -^--^scd  in  the  direction  of  their   length.      By  this,  it 

^  highly  important  that  pieces  in  a  state  of  tension 

*^ijald   be   distinguished  from  such  as  are  compressed,  in 

^*~dcr  that  the  former  may  be  preserved  continuous.  A  strut 

•*^4ij  be  constructed  of  two  or  more  pieces  ;  yet,  where  there 

^*^  many  joints,  it  will  not  resist  compression  so  weU. 


63.— To  Dlvtlniniloli  Tle«  IVoni  Sirutfi.— This  may  be  dotic 

«y  the  fijlldwing  rule,    hi  /V^--.  22-/^',  the  timbers  6' and  D  arc 

%lie  justaittiftg^  lorccSt  and  the  weight  fris  the  sfrainingiorce-, 

^nd  if  the  support  be  removed,  the  straining  force  would 

tnove  from  the  point  of  support   b  towards  ti.     Let  it   be 

required    to  ascertain  whether  the  sustaining  forces  arc 

tret€htd  i\v prcssfd  by  the  straining  force.     Rule :  Upon  the 

lirection  of  the  strainmg  force  h  d,  as  a  diagonal,  construct 

a  parallelogram  e  b  fd  whose  sides  shall  be  parallel  with  the 

lirection  of  the  sustaining   forces  C  and  D\  through  the 

Mnt  b  draw  a  line  parallel   to  the  diagonal  ef\  this  may 

ten  l»r  called  the  dividing  line  between  ties  and   struts. 

I  :  all  those  supports  which  are  on  that  side  of  the 

u.»..i.- .;  line  which   the   straining  force   would  occupy  if 

unresisted  arc  compressed,  while  those  on  the  other  side  of 

the  dividing  line  are  stretched. 

In  Ftg.  22- Ji,  the  supports  arc  both  compressed,  being  on 
that  side  of  the  dividing  line  which  the  straining  force  would 
occupy  if  unresisted.  In  fig^.  26  and  .27,  in  which  A  B  and 
C  are  tlie  sustaining  forces,  A  C  is  compressed,  whereas 
B  is  in  a  state  of  tension  ;  A  C  being  on  that  side  of  the 
line  k  i  which  the  straining  force  would  occupy  if  unresisted, 
id  '  "  the  opposite  side.  The  place  of  the  Litter  might 
s'^  by  a  chain  or  rope.     In  Fig.  25,  the  foot  of  the 

niftcr  at  A  is  sustained  by  two  forces,  the  wall  and  tJic  tic- 
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beam,  one  perpendicular  and  the  other  horizontal :  the 
direction  of  the  straining  force  is  indicated  by  the  line  ba. 
The  dividingf^  hnc  //  /,  ascertained  by  the  rule,  shows  that  the 
wall  is  pressed  and  the  tie-beam  stretched. 


n;^ 


thi 


84.— Another  ExHOtplc— Let  E  A  B  F  {Fi^.  31)  represent 
a  gate,  supported  by  hinges  at  A  and  E.  In  this  case, 
straining  force  is  the  weight  t)f  the  materials,  and  the  din 
tion  of  course  vertical.  Ascertain  the  dividing  line  at  the 
several  points,  C,  B,  /,  Jy  //,  and  F.  It  will  then  appear 
the  force  at  G  is  sustained  by  A  G  and  G E,  and  the  <lividi 
line  shows  that  the  former  is  stretched  and  the  latter 
pressed.  The  force  at  //  is  supported  by  A  H  and  U E — th^ 
former  stretched  and  the  latter  compressed.  The  force  at  B 
is  oi>poscd  by  ///?  and  A  ^.onc  pressed*  the  other  stretched* 
The  force  at  F  is  sustained  by  OF  and  FE,  GF  be 
stretched  and  F E  pressed.  By  this  it  appears  that  A  Bv% 
a  state  of  tension,  and  /•"  F  o\  compression  ;  also,  that  A 
and  G  F  arc  stretched,  while  B  //  and  G  E  arc  compres! 
which  shows  the  necessity  of  haying  A  H  and  C/'each 
one  whole  length,  while  B II  and  G  E  may  be,  as  they  arc 
sliown.  each  in  two  pieces.  The  force  at  J  is  sustained  by 
Gy  and  J  //,  the  former  stretched  and  the  latter  compres; 
The  piece  C  D  is  neither  stretched  nor  pressed,  and 
be  dis{>euscd  with  if  the  joinings  at  7 and  /could  be  made 
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as  eflectually  witliout  it.     In  case  A  B  should  fail,  then  CD 
would  be  in  a  state  of  tension. 

85. — Centre  of  Gravity. — The  centre  of  gravity  of  a  uni- 
form prism  or  cylinder  is  in  its  axis,  at  the  middle  of  its 
length  ;  that  of  a  triangle  is  in  a  line  drawn  from  one  angle 
to  the  middle  of  the  opposite  side,  and  at  one  third  of  the 
length  of  the  line  from  that  side  ;  that  of  a  right-angled  tri- 
angle, at  a  pomt  distant  from  the  perpendicular  equal  to  one 
third  of  the  base»  and  distant  from  the  base  equal  to  one 
third  of  the  perpendicidar  :  that  of  a  pyramid  or  cone,  in 
the  axis  and  at  one  quarter  of  the  height  from  the  base. 

The  centre  of  gravity  of  a  trapezoid  (a  four-sided  figure 
having  only  two  of  its  sides  parallel)  is  in  a  line  joining  the 
centres  of  the  two  parallel  sides,  and  at  a  tlistance  from  the 
longest  of  the  parallel  sides  equal  to  the  product  of  thC; 
length  in  the  sum  of  twice  the  shorter  added  to  the  longer 
of  the  parallel  sides,  divided  by  three  times  the  sum  of  the 
two  parallel  sides.     Algebraically  thus : 

a  =   — ; J—, 

l{a-Tb) 

where  r/ equals  the  distance  from  the  longest  of  the  parallel 
sides,  /  the  length  of  the  line  joining  the  two  parallel  sides, 
and  a  the  shorter  and  b  the  longer  of  the  parallel  sides.- 

E.xamplc. — A  rafter  25  feet  long  has  the  larger  end  14 
inches  wide,  and  the  smaller  end  10  inches  wide:  how  far 
from  the  larger  end  is  the  centre  of  gravity  located  ? 

Here  /  =  25,  a  =  \l,  and  b  =  ||, 

hence  ^  =  ^^^^"^^^  =  ^SC^xJi  +  U)  ^  25x||.  ^  25x34  ^ 
3(«  +  ^)  3(-|l  +  il)  3xf3       3>24 

-i-  =  11.8=  II  feet  9I  inches  nearly. 

In  irregular  bodies  with  plain  sides,  the  centre  of  gravity 
may  be  found  by  balancing  them  upon  the  edge  of  a  prism 
— upon  the  edge  of  a  table — in  two  positions,  making  a  line 
each  time  upon  the  body  in  a  line  with  the  edge  of  the  prism, 
and  the  intersection  of  those  lines  will  indicate  the  point  re- 
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quired.  Or  suspend  the  article  by  a  cord  or  thread  attachet 
to  one  c( truer  or  edge  ;  also  horn  the  same  point  of  suspen- 
sion hang  a  plumb-line,  and  mark  i<s  position  on  the  face  a(\ 
the  article;  again,  suspend  the  article  from  another  con^r 
or  side  (nearly  at  rig^ht  angles  to  its  former  position),  and 
mark  the  position  ot  the  plumb-line  upon  its  face;  then  ihttj 
interseclion  of  the  two  lines  will  be  the  centre  of  gravity. 


Fig.  3». 

66. — Kflbrt  at  I  he  Wc1||lit  of  Inr  lined  Bonmv. — An  in- 
clined post  or  stmt  siipjK)rtin|j  some  heavy  pressure  apphcd 
at  its  upper  end,  as  at  /-y^.  25,  exerts  a  pressure  at  its  fot)t  in 
the  direction  oil  its  length,  or  nearly  so.  But  when  such  a 
iK-am  is  loaded  uniforndy  over  its  whole  length,  as  the  raltcr 
ot  a  rcMif,  the  pressure  at  its  foot  varies  considerably  from 
the  direction  of  its  length.  For  example,  let  A  B  {I'^ig^  32) 
be  a  beam  leaning  against  the  wall  />  i\  and  supported  at  its 
(oot  by  the  abutment  A,  isi  the  beam  //  r,  and  let  o  be  the 
centj-e  of  gravity  of  the  beam.  Through  0  draw  the  verti- 
cal line  l>  d,  and  from  B  draw  the  horizontal  line  /?  b^  cutting 
b  li  \n  b;  join  if  and  ./.and  b  A  will  be  the  dtrrcthn  of  the 
thrust.  To  prevent  the  beam  from  lotising  its  footing,  the 
joint  at  A  should  be  made  at  right  angles  to  bA,  The 
ofHount  of  pressure  will  be  found  thus:  Let  b  r/(by  any  scale 
of  equal  parts)  equal  the  number  of  tons  upon  the  beam 
A  D\  draw  d  e  parallel  to  B  b  :  then  //  e  (by  the  same  scale) 
equals  the  pressure  in  the  direction  b  A  ;  and  c  d  the  pres- 
sure against  the  wall  at  B — and  also  the  horizontal  thrust  ac 
Ay  as  these  arc  always  equal  in  a  constructitm  of  this  kind. 

The  horizontal  thrust  of  an  inclined  beam  {Fig.  32) — the 
effect  of  its  own  weight— may  Ix;  calculated  ihust 

i?«/(f.— Multiply   the  weight  of  the  beam  in  pounds  by 
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i<s  base.  A  C,  in  feet,  and  by  the  distance  in  feel  of  its  centre 
o(  gravity,  o  <scc  Ari.  85),  from  the  lower  end,  at  A,  and 
divide  this  product  by  the  product  of  the  length,  A  B,  into 
the    height,  B  C,  and  the   quotient   will   be   the    horizontal 

thrust  in  pounds.      This  may  be  stated  thus;  //  =        *  , 

where  </ equals  the  distance  of  the  centre  of  gravity.  <>,  from 
the  lower  end  ;  b  equals  the  base,  A  C ;  w  equals  the  weight 
of  the  beam  ;  //  equals  the  height,  B  C ;  /equals  the  length 
of  the  beam;  and  //equals  the  horizontal  thrust. 

Example. — A  beam  20  feet  long  weighs  300  pounds:  its 
centre  of  gravity  is  at  9  feet  from  its  lower  end  ;  it  is  so  in- 
clined that  its  base  is  i6ieet  and  its  height  12  feet :  what  is 
the  horizontal  thrust? 


,j.        d  bw ,  Q  X  16  X  300       Q 

Here     .  ,   becomes — ^ —  =  2_ 

hi  1 2  X  20 

=  l8o  =H  =■  the  horizontal  thrust. 


4x25 


9x4x5 


This  rule  is  for  cases  where  the  centre  of  gravity  docs 
not  occur  at  the  iniddle  of  the  length  of  the  beam,  although 
it  is  applicable  when  it  docs  occur  at  the  middle  ;  yet  a 
shorter  rule  will  suffice  in  this  case,  and  it  is  thus: 

Rule. — Multiply  the  weight  of  the  rafter  in  pounds  by 
the  base.  A  C  {Ftg.  32.1,  in  feet,  and  divide  the  product  by 
twice  the  height,  B  C,  in  feet,  and  the  quotient  will  be  the 
horizontal  thrust,  when  the  centre  of  gravity  occurs  at  the 
middle  of  the  beam. 

If  the  inclined  beam  is  loaded  with  an  equally  distributed 
load,  add  this  load  to  the  weight  of  the  beam,  and  use  this 
tofal  weight  in  the  rule  instead  of  the  weight  ol  the  beam. 
And  generally,  if  the  centre  of  gravity  of  the  combined 
weights  of  the  beam  and  load  docs  not  occur  at  the  centre 
of  the  length  of  the  beam,  then  the  former  rule  is  to  be  used. 

In  Fig.  33,  two  equal  beams  are  supported  at  their  feet  by 
the  abutments  in  the  tie-beam.  Ihis  case  is  similar  to  the 
last ;  for  it  is  obvious  that  each  beam  is  in  precisely  the 
position  of  the  beam  in  Fig.  32.  The  horizontal  pressures  at 
S,  being  equal  and  opposite,  balance  one  another;  and  their 
horizontal  thrusts  at  the  tic-beam  arc  also  equal.    (See  Art* 


74 


CONSTRUCTION. 


78 — /v>  25.)  When  the  height  of  a  roof  (Ft^.  33)  is  one 
fourth  of  the  span,  or  of  a  shed  {fi^^  32)  is  one  halt  the 
span,  the  horizontal  thrust  of  a  rafter,  whose  centre  of  grav- 


•f 


TV, 


A 


Ftr..  33. 

ity  is  at  the  middle  of  its  length,  is  exactly  equal  to  the 
weight  distributed  uniformly  over  its  surface. 

In  shed  or  lean- to  roofs,  as  Fig.  32,  the  horizontal  pressure 
will  be  entirely  removed  if  the  bearincjs  of  the  rafters,  as  A 
and  B  {Fig.  34),  are  made  horizontal— provided,  however, 


Fig.  34. 

that  the  rafters  and  other  framing;  do  not  bend  between 
points  of  support.  If  a  beam  or  rafter  have  a  natural  ci 
the  convex  (jr  rounding  edge  should  be  laid  uppermost. 


87. — EflTeci  »f  l.oatl  011  Beam. — The  strain  in  a  uniform 
loaded  l>eani.  supported  at  each  end,  is  greatest  at  the 
middle  of  its  length.  Hence  mortices,  large  knots,  and  other 
defects  shoukl  l)e  kept  as  far  as  possible  from  thtit  point, 
and  in  resting  a  load  upon  a  beam,  as  a  partition  upon 
fioor-beam,  the  weight  shnuhl  be  so  adjusted,  if  possible, 
that  it  will  bear  at  or  near  the  ends. 

Twice  the  weight  that  will  break  a  beam,  acting  at 
centre  of  its  length,  is  required  to  break  it  when  equal! 


« 
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fed  over  its  lengtli :  and  precisely  the  same  deflec- 
tion or  Jti^will  be  produced  on  a  beam  by  a  load  equally 
distributed  that  five  eighths  ot  the  load  will  produce  if  act- 
ins:  at  the  centre  of  its  lenerth. 


88. — Eire«^t  on  Bciirfiigs. — When  a  uniformly  loaded 
beam  is  supported  at  each  cud  on  level  bcariui^s  (the  beam 
itself  being  either  horizontal  or  inclined),  the  amount  of 
pressure  caused  by  the  load  on  each  point  of  support  is 
equal  to  one  half  the  load  ;  and  this  is  also  the  ase  when 
the  load  is  concentrated  at  the  middle  of  the  beam,  or  has 
its  centre  of  gravity  at  the  middle  of  the  beam  ;  but  when 
the  load  is  unequally  distributed,  or  concentrated  so  that  its 
centre  of  gravity  occurs  at  some  other  point  than  the  middle 
of  the  beam,  then  the  amount  of  pressure  caused  by  the 
load  on  one  of  the  points  of  support  is  unequal  to  that  on 
the  other.  The  precise  amount  on  each  may  be  ascertained 
by  the  foll*)wing  rule. 

Ru/^. —  Multiply  the  weight  W  {Fig.  35)  by  its  distance, 
C B,  from  its  nearest  point  of  support,  j9,  and  divide  the  pro- 
duct by  the  length,  AB,  of  the  beam,  and  the  qugtient  will 


Fic  35. 

be  the  amount  of  pressure  on  the  remote  point  of  support,  A. 
'Again,  deduct  this  amount  fnmi  the  weight  IV,  and  the  re- 
mainder will  be  tlic  amount  of  pressure  on  the  near  point  of 
support,  Z> ;  or,  multiply  the  weight  IV  by  its  distance,  A  C^ 
from  the  remote  point  of  support,  A^  and  divide  the  pro- 
duct by  the  length,  A  />,  and  the  quotient  will  be  the  amount 
of  pressure  on  the  near  point  of  support,  B. 

When  /  equals  the  length  between  the  bearings  A  and  B, 
n  =  A  Cy  m  —  C  B,  and  W  =  the  load  :  then 
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—  =  A  =  the  amount  of  pressure  at  A^  and 


Wtt 

-~-  =  ^  =  the  amount  of  pressure  at  B. 

Example, — A  beam  20  feet  long^  between  the  bearings 
has  a  load  of  100  pounds  concentrated  at  3  feet  from  one  of 
the  bearings:  what  is  the  portion  of  this  weight  sustained  by 
each  bearing? 

Here  W  •=.  100;  «,  17;  m,  3  ;  and  /,  20. 


u  .       Wm       100x3 

Hence  A  =  - ,-  == =  15. 

/  20 

-    J  „       IVn      100  X 17      _, 

And  B  =   -T-  = =  85. 

/  20 

Load  on  A      —    15  pounds. 

Load  on  ^      =85  pounds. 
Total  weiglit  =  100  pounds. 

RESISTANCE    OF    MATERIALS. 

89. — Wetglil— §treiig^lli. — Preliminary  to  designing  a  roof- 
truss  or  other  piece  of  framing,  a  knowledge  of  two  subjects 
is  essential :  one  is,  the  efTcct  of  gravity  acting  upon  the 
various  parts  of  the  intended  structure  ;  the  other,  the  power 
of  resistance  possessed  by  the  materials  of  which  the  framing 
is  to  be  constructed.  The  former  subject  having  been 
treated  of  in  the  preceding  pages,  it  remains  now  to  call  at- 
tention to  the  latter. 

90. — Quality  of  ntiterlali. — Materials  used  in  construc- 
tion are  constituted  in  their  structure  either  of  fibres 
(threads)  or  of  grains,  and  arc  termed,  the  former  fibrous, 
the  latter  granular.  All  woods  and  wrought  metals  are 
fibrous,  while  cast  iron,  stone,  glass,  etc.,  arc  granular.  The 
strength  of  a  granular  material  lies  in  the  power  of  attrac- 
tion acting  among  the  grains  of  matter  of  which  the  mate- 
rial is  composetl,  by  which  it  resists  any  attempt  to  separate 
its  grams  or  particles  of  matter.     A  fibre  of  wood 
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rrought  metal  has  a  strength  by  which  it  resists  being  com- 
pressed or  shortened,  and  finally  crushed;  also  a  strength 
by  which  i^  resists  being  extended  or  made  longer,  and 
finally  sundered.  There  is  another  kind  of  strength  in  a 
fibrous  material :  it  is  the  adhesion  of  one  fibre  to  another 
along  their  sides,  or  the  lateral  adhesion  of  the  fibres. 

91. — ^Manner  of  Reaiwiiiig. —  In  the  strain  applied  to  a 
post  supporting  a  weight  imposed  upon  it  {Fig.  36),  we 
have  an  instance  ol  an  essay  to  shorten  the  fibres  of  which 
the  timber  is  composed.  The  strength  of  the  timber  in 
this  case  is  termed  the  resistance  to  compression.  In  the  strain 
on  a  piece  of  timber  like  a  king-post  or  suspending  piece 
{A,  Fig.  37),  we  have  an  instance  ol  an  essay  to  extend  or 
lengthen  the  fibres  of  the  material.  The  strength  here  ex- 
hibited is  termed  the  rtsistance  to  tension.  When  a  piece  of 
timber  is  strained  like  a  floor-beam  or  any  horizontal  piece 


Fig.  36. 


Fig  37. 


7L 


6 


Fig  38. 


carrying  a  load  {Fig.  38).  we  have  an  instance  in  which  the 
two  strains  of  compression  and  tension  arc  both  brought 
into  action  :  the  fibres  of  the  upper  portion  of  the  beam  be- 
ing compressed,  and  those  of  the  under  part  being  stretched. 
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This  kind  of  streno^th  of  timber  is  termed  resistance  to  cross- 
stratus.  In  each  of  these  llirec  kinds  of  strain  to  which  tim- 
ber is  subjected,  the  power  of  resistance  is  in  a  measure  due 
to  the  /if/trf?/ adhesion  of  the  fibres,  not  so  much  perhaps  in 
the  simple  tensile  strain,  yet  to  a  considerable  tiegrec  in  thr 
compressive  and  cross  strains.  But  the  power  of  timber, 
by  which  it  resists  a  pressure  actintj;;  conipressivcly  in  the 
direction  of  the  length  of  the  fibres,  tending  to  separate  the 
timber  by  splitting  off  a  part,  as  in  the  case  of  the  end  of  a 
tie-beam,  against  which  the  foot  of  the  rafter  presses,  is 
wholly  due  to  the  lateral  adhesion  of  the  fibres. 

92. — Strengtli  and  StlflThiesi. — The  strength  of  materials 
is  their  power  to  resist  fracture,  while  the  stiffness,  of  mate- 
rials is  their  capability  to  resist  defection  or  sagging.  A 
knowledge  of  their  strcnj^tk  is  useful,  in  order  to  determine 
their  hmits  of  size  to  sustain  given  weights  safely;  but  a 
knowledge  of  their  stiffness  is  more  important,  as  in  almost 
all  constructions  it  is  desirable  not  only  that  the  load  be  safely 
sustained,  but  that  no  appearance  of  weakness  be  manifested 
by  any  sensible  deflection  or  sagging. 

93. — Experiments  :  CoimtHnU. —  In  the  investigation  of 
the  laws  applicable  to  the  resistance  of  materials,  it  is  found 
that  the  dimensions — length,  breadth,  and  thickness — bear 
certain  relations  to  the  weight  or  pressure  to  which  the 
piece  is  subjected.  These  relations  are  general ',  they  exist 
quite  independently  of  the  j>cculiaritics  of  any  s[>Lcific  piece 
of  material.  These  proportions  between  the  dimensions 
and  the  load  are  found  to  exist  alike  in  wood,  metal,  stone, 
and  glass,  or  other  material.  One  law  applies  alike  to  all 
materials;  but  the  capability  of  materials  to  resist  differs  in 
accordance  with  the  compactness  and  cohesion  of  particles, 
and  the  tenacity  and  adhesion  of  fibres,  those  (]ua!ities  upon 
which  depends  the  superiority  of  one  kind  of  material  over 
another.  The  capability  of  each  particular  kind  of  material 
is  ascertained  by  experiments,  made  up<m  several  specimens, 
and  an  average  of  the  results  thus  obtained  is  taken  as  an 
index  of  the  capability  of  that  material,  and  is  introduced 
in  the  rules  as  a  constant  number,  each  specific  kind  of  ma- 
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nal  having  its  own  special  constant^  obtained  by  ex- 
erimenting  on  specimens  of  that  peculiiir  material.  The 
results  of  experiments  made  to  test  the  resistance  of  various 
materials  useful  in  construction — their  capability  to  resist 
the  three  strains  before  named — will  now  be  introduced. 

94". — R«BlKtance  to  Compression. — The  following  table 
exhibits  the  results  of  experiments  made  to  test  the  resist- 
ance to  compression  of  such  woods  as  are  in  common  use  in 
this  country  for  the  purposes  of  construction. 

Table  I. — Resistance  to  CoMrxEssioK. 


Match  lAi,. 


u 


5'm 


H. 


Georgia  Pine 

Locust     

White  Oak 

Sptucc  

White  Pine 

Hemlock 

White  Wood 

Chestnut 

Ash 

Maple    . ., 

Hickory 

Cherry 

~'     k  Walnut 

ogany  (St.  Domingo) 
(Bay  Wood)  .. 

Live  Oak 

Ltgnura  Vtix 


0-613 
0-762 

0-774 
o  369 
0-388 
0-423 

0-397 
0-491 
o  517 
0'574 
0-877 
0-494 
0-43I 
0-337 
0-439 
o-gt6 

I-2S2 


Pound* 
per  inch. 
950a 
1 1700 
8cwo 
7850 
6650 
5-00 

3400 
6700 
5850 
8450 

13750 
9050 
7800 

11600 
4900 

1 1  too 

12100 


Poundi 

per  inch. 

840 

Ii6o 

1250 

540 

4  So 

370 


Pound* 

p<r  inth. 

2250 

2800 

2650 

650 

800 

800 

800 


:r.: 


5700 
1700 
6800 

77<XJ 


The  resistance  of  timber  of  the  same  name  varies  much ; 
depending  as  it  obviously  must  on  the  soil  in  which  it  grew 
on  its  age  before  and  after  cuttings  on  the  time  of  year 
when  cut,  and  on  the  manner  in  which  it  has  been  kept  since 
it  was  cut.  And  of  wood  from  the  same  tree  much  depends 
upon  its  location,  whether  at  the  butt  or  towards  the  limbs, 
and  whether  at  the  heart  or  (»f  the  sap,  or  at  a  point  mid- 
way from  the  centre  to  the  circumference  of  the  tree.     The 
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pieces  submitted  to  experiment  were  of  ordinary  good 
quality,  such  as  would  be  deemed  proper  to  be  used  in 
framing.  The  prisms  crushed  were  generally  small,  about 
2  inches  long,  and  from  i  inch  to  i^  inches  square ;  some 
were  wider  one  way  than  the  other,  but  all  containing  in 
area  of  cross  section  from  r  to  2  inches.  The  weight  given 
in  the  table  is  the  average  weight  per  superficial  inch. 

Of  the  first  six  woods  named,  there  were  nine  specimens 
of  each  tested ;  of  the  others,  generally  three  specimens. 

The  results  for  the  first  six  woods  named  are  taken 
from  the  author's  work  on  Transverse  Straifts,  published  by 
John  Wiley  &  Sons,  New  York.  The  results  for  these  six 
woods,  as  well  as  those  for  all  the  others  named  in  the  table, 
were  obtained  by  experiments  carefully  made  by  the  author. 
The  first  six  woods  named  were  tested  in  1S74  and  1876,  and 
upon  a  testieig  machine,  in  which  the  power  is  transmitted 
to  the  pieces  tested,  by  levers  acting  upon  knife-edges. 
For  a  description  of  this  machine,  see  Transverse  Strai 
Art.  704.  The  woods  named  in  the  table,  other  than  the 
first  six,  were  tested  some  twenty  years  since,  and  upon  a 
hydraulic  press,  which,  owing  to  friction,  gave  results  t 
low. 

The  results,  as  thus  ascertained,  were  given  to  the  publJ 
in  the  7th  edition  ui'  this  wt»rk,  in  1857.      ^"  ^'i*^  present  cdi^_ 
lion,  the  figures  in  Tabic   1.,  for  these   woods,  are  thos^j 
which  have  resulted  by  adding  to  the  results  given  by  the 
hydraulic  press  a  certain  c|uuntity  thought  to  be  requisit^^ 
to  compensate  for  the  loss  by  friction.     Thus  corrected,  thll^| 
figures  in  the  table  may  be  taken  as  suflficiently  near  approx- 
imations for  use  in  the  rules, — although  not  so  trustworthy 
as  the  results  given  for  the  first  six  woods  named,  as  these 
were  obtained  upon  a  superior  testing  machine,  as  above 
stated. 

In  the  preceding  table,  the  second  column  contains  the 
specific  gravity  t>f  the  several  kinds  of  wood,  showing  their 
comparative  density.  The  weight  in  pounds  of  a  cubic  foot 
of  any  kind  of  wood  or  other  material  is  equal  to  its 
specific  gnivity  multiplied  by  62  5,  this  number  being  the 
weight  in  pounds  of  a  cubic  foot  of  water.  The  third  column 
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ton  tains  the  weight  in  pounds  required  to  crush   a  prism 
having  a  base  of  one   inch  square:  the  pressure  applied  to 
the  fibres   longitudinally,      hi  practice,  it  is  usual  never  to 
load  material  exposed  to  compression  with  more  than  one 
iourth  of  the  crushing  weight,  and  general!}'  with  from  one 
sjxth  to  one  tenth  only.     The  fourth  column  contains  the 
weight  in  pounds  whicht  applied  in  line  with  the  length  of  the 
fibres,  is  required  to  force  off  a  part  of  the  piece,  causing  the 
fibres  to  separate  by  sliding,  the  surface  separated  being  one 
inch  square.  Thefifth  column  contains  the  weight  in  pounds 
required  to  crush  the  piece  when  the  pressure  is  appfied  to  the 
fibres  transversely,  the  piece  being  one  inch   thick,  and  the 
surface  crushed  being  one  inch  square,  and  depressed  one 
twentieth  ot  an  inch  deep.     The  sixth  column  contains  the 
value  of  /'  in  the  rules;  P  being  the  weight   in  pounds,  ap- 
plied to  the  fibres  transversely,  which  is  required  to  make  a 
sensible  impression  one  inch  square  on  the  side  of  the  piece, 
this  lx;ing  the  greatest  weight  that  would  be  proper  for  a 
post  to  be  loaded  with  per  inch  surface  of  bearing,  resting 
on  the  side  of  the  kind  (jf  wood  set  rippositc  \n  the  table,  A 
greater  weight  would,  in  proportitjn  to  the  excess,  crush  the 
side  of  the  wood  under  the  post,  and  proportionably  derange 
the  framing,  if  not  cause  a  total  failure.     It  will  be  observed 
that  the  measure  of  this  resistance  is  useful  in  limiting  the 
load  on  a  post  according  to  the  kind  of  material  contained, 
not  in  i\\e  post,  but  in  the  timber  upon  which  the  post  presses. 

95. — Ro$iiKianre  to  TenMion. — The  resistance  of  materials 
to  the  force  of  stretching,  as  exemplified  in  the  case  of  a 
rope  from  which  a  weight  is  suspendeil,  is  termed  the  resist- 
ance to  tension.  In  fibrous  materials,  this  force  will  be  differ- 
ent in  the  same  specimen,  in  accordance  with  the  direction 
in  which  the  force  acts,  whether  in  the  direction  of  the  length 
of  the  fibres  or  at  right  angles  to  the  direction  of  their  length. 
It  has  been  found  that,  in  hard  woods,  the  resistance  in  the 
former  direction  is  about  eight  to  ten  times  what  it  is  in  the 
latter;  and  in  soft  woods,  straight  grained,  such  as  white 
pine,  the  resistance  is  from  sixteen  to  twenty  times.  A 
knowledge  of  the  resistance  in  the  direction  of  the  fibres  is 
the  most  useful  in  practice. 


J 


82 


CONSTRUCTION. 


In  the  following  table  are  recorded  the  results  rtf  ex 
periments  made  to  test  this  resistance  in  some  of  the  \vo<:Kis 
in  common  use,  and  also  in  iron,  cast  and  wrought.  Each 
specimen  of  the  woods  was  turned  cyhndrical,  and  about  2 
inches  diameter,  and  then  the  middle  part  reduced  to  about 
I  of  an  mch  diameter,  at  the  middle  of  the  reduced  part, 
and  thence  gradually  increased  toward  each  end,  where  it 
was  considerably  larger  at  its  junction  with  the  enlarged 
end.  The  results,  m  the  case  of  the  iron  and  of  the  first  six 
woods  named,  are  taken  from  the  author's  work,  Trans- 
verse  Strains^  Table  XX.  Experiments  were  made  upon 
the  other  three  woods  named  by  a  hydraulic  press,  some 
twenty  years  since,  and  the  results  were  first  published  in 
the  7th  edition  of  this  work,  in  1857.  These  results,  owing 
to  friction,  were  too  low.  Adding  to  them  what  is  supposed 
to  be  the  loss  by  friction  of  the  machine,  the  results  thus 
corrected  are  what  are  given  for  these  three  woods  in  the 
following  table,  and  may  be  taken  as  fair  ai>proximations, 
but  are  not  so  trustworthy  as  the  figures  given  for  the  other 
six  woods  and  for  the  metals. 


Table  I  [, — Resistance  to  Tension. 
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Georgia  Pine 

Locusi , . . , 

While  Oak 

Spruce 

While  Pine 

Hemlock 

H  ickory  

Maple. 

Ash 

Cast  Iron,  American  ) from 

English      f 10 

Wrought  Iron,  American  > from 

*•  Engf isli      \ to 


r.      ^ 

SMCific 
Gravity. 

Pounds    re 

quiml  to  rup- 

ture one  iBu 

>qu»re, 

0-65 

i6oco 

0-794 

24800 

0  774 

i<)5oo 

0  432 

19500 

0458 

120CO 

0402 

8700 

0  751 

TfXXM 

0  (ig4 

3O000 

0  608 

15000 

6-944 

37000 

7  584 

17000 

7  600 

60000 

7-792        1 

50000 

The  figures  in  the  table  denote  the  ultimate  capability  of 
a  bar  one  inch  square,  or  the  weight  in  pounds  required  to 
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produce  nipture.  Just  what  portion  of  this  should  be  taken 
as  the  safe  capability  will  depend  upon  the  nature  of  the 
strain  to  which  the  material  is  to  be  exposed.  In  practice  it 
is  found  that,  through  defects  in  workmanship,  the  attach- 
ments may  be  SO  made  as  to  cause  the  strain  to  act  along  one 
sitie  of  the  piece,  instead  of  through  its  axis;  and  that  in  this 
case  fracture  will  be  produced  with  one  third  of  the  strain 
that  can  be  sustained  through  the  axis.  Due  to  this  and 
other  contingencies,  it  is  usual  to  subject  materials  exposed 
to  tensile  strain  with  only  from  one  sixth  to  one  tenth  of 
the  breaking  weight. 

96, — RetUlancc  to  Tran«vcr«o  Strains. — In  the  follow- 
ing^ table  are  recorded  the  results  of  experiments  made  to 
test  the  capability  of  the  various  materials  named  to  resist 
the  effects  of  transverse  strain.  The  figures  are  taken  from 
the  author's  work.  Transverse  Strains,  before  referred  to. 

Table  III. — Transverse  Strains. 


Matkkial. 


Georgia  Pine 

Locust 

White  Oak 

Spruce    

While  Pine 

Hemlock 

White  Wood 

Chestnut 

Ash 

Maple 

Hickory. 

Ch«rry 

Black  Walnut 

Mahoganr  (Si.  Domingo) 

•  '  (any  Wood).. 
Cast  Iron,  .\merican  ... 

"  English 

Wrought  Iron,  AmeTJcan 
"  English  . . 

Steel,  in  Bars 

titue  Stone   Flagging... 

Sand  Stone , . . 

Brick,  common 

pressed 

Marble,  Enst  Chester  .    . 


B. 

Retiitance 

to 
Rupture. 


F. 

KciUtAi>c« 

10 
Flexure. 


E'tencion 

of 

Fibre*. 


650 

1200 

650 

550 

500 

450 

Goo 

480 

goo 

lioo 

1 050 

650 

750 

650 

850 

2500 

2100 

2600 

IQOO 

Gooo 

200 

59 

33 

37 

«47 


5900 

5050 

3100 

3500 

2900 

2S00 

3450 

25SO 

4000 

5150 

3850 

2850 

3900 

3600 

4750 

5U000 

40000 

63000 

60000 

70000 


•ooiog 
■0015 
•00086 
0009S 
•0014 
•oooos 
'O0096 
•U0103 

•OOIII 

0014 
•tx)t3 
■001563 
•00104 
00116 
00109 


>fargin 

for 
Safely. 


I '84 
2' 20 

3  39 
223 

111 

2-35 
2-52 

54 

82 
12 
91 
03 
57 
16 
38 
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The  figures  in  the  second  column,  headed  B,  denote  the 
weight  in  pounds  required  to  bieak  a  unit  of  the  material 
named  when  suspended  from  the  middle,  the  piece  being 
supported  at  each  end.  The  unit  <jf  material  is  a  bar  one  inch 
square  and  one  foot  long"  between  the  bearings.  The  third 
column,  headed  F^  contains  the  values  of  the  several  mate- 
rials named  as  to  their  resistance  to  flexure,  as  explained  in 
Arts.  302-305,  Transverse  Strains,  These  values  of  P,  as 
constants,  are  used  in  the  rules.  The  fourth  column,  headed 
ft  contains  the  values  of  the  several  materials  named,  denot- 
ing the  elasticity  of  the  fibres,  as  explained  in  Art.  312, 
Transverse  Strains.  These  values  of  e,  as  constants,  arc 
used  in  the  rules. 

The  fifth  column,  headed  «,  contains  for  the  several  ma- 
terials named  the  ratio  of  the  resistance  to  flexure  as  com- 
pared with  that  to  rupture,  and  which,  as  constants  used 
in  the  rules,  indicate  the  margin  of  safety*  to  be  given  for 
each  kind  of  material.  The  figures  given  in  each  case  show 
the  smallest  possible  value  that  may  be  safely  given  to  a,  the 
factor  of  safety.  In  practice  it  is  generally  taken  higher 
than  the  amount  given  in  the  table.  For  example,  in  the 
table  the  value  of  B,  the  constant  for  rupture  by  transverse 
strain  for  spruce,  is  550. 

Now,  if  the  dimensions  of  a  spruce  beam  to  carry  a  given 
weight  be  computed  by  the  rules,  using,  the  constant  B,sX 
550,  the  beam  will  be  of  such  a  size  that  the  given  weight 
will  just  break  it. 

But  if,    in   the  computation,  instead  of   taking   the  full 
value  of  /?,  only  a  part  of  it  be  taken,  then  the  beam  will  not 
break  immediately ;  and   if  the  part  taken  be  so  small  t 
its  effect  upon  the  fibres  shall  not  be  sufficient  to  strain  th 
beyond  their  limit  of  elasticit}',  the  beam  will  be  capable 
sustaining  the  weight  for  an  indefinite  period  ;  in  this  c 
the  beam  will  be  loaded  by  what  is  termed  the  safe  ureig/it. 
Or,  since  the  value  of  a  for  spruce  is  2-23  in  the  table,  if,  i 
stead  of   taking  B  at  550,  its  full  value,  only  the  quoti 
arising  from  a  division  of  B  by  a  be  taken — or  550  divid' 
by  2-23,  which  equals  246- 6 — then  the  beam  will  be  of  suffi- 
cient size  to  carry  the  load  safely.  Therefore,  while  the  con- 


not 

I 

aS^ 

i 

iffi^^ 
on- 
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slant  i^  ts  to  be  used  for  a  breaking  weight,  for  a  safe  load 

the  quotient  of  —  is  to  be  used.    But,  .igain,  if  a  be  taken  at 
a 

its  value  as  given  in  the  table,  the  computed  bc:iin  will  be 

loaded  up  to  its  limit  of  safety.     So  loaded  that,  if  the  load 

be  increased  only  in  a  small  degree,  the  limit  of  safety  will 

be  passed,  and  the  beam  liable,  in  time,  to  fail  by  ruptujc, 

Therefcire,  as  the  values  of  a,  in  tlic  table,  arc  the  smallest 

possible,  it  is  prudent  in  practice  always  to  take  a  larger 

than    the   tabic    value.      For   example,  the    table   value   of 

m  for  spruce  is  2«23,  but  in  practice  let  it  be  taken  at  3 

or  4. 


97.— Rr«latnnrr  lo  Com  predion. — The  resistance  of  ma- 
ruUs  to  the  force  of  compression  m.iy  be  considered  in 
vcral  ways.  Posts  having  their  heights  less  than  ten 
times  iheir  least  sides  will  crush  before  bending;  these 
belong  to  one  class :  another  class  is  that  which  com- 
prises all  posts  the  height  of  which  is  equal  to  ten  times 
tbcir  least  sides,  or  more  than  ten  times ;  these  will  bend 
before  crushing.  Then  there  remains  to  be  considered 
the  manner  in  which  the  pressure  is  applied  :  whether  in 
line  with  the  fibres,  or  transversely  to  them  ;  and,  again, 
nh ether  the  pressure  tends  to  crush  the  fibres,  or  simply 
lu  force  tiff  a  part  of  the  piece  by  splitting.  The  various 
prc?»sures  may  be  comprised  in  the  four  classes  following, 
namely : 

int. —  When  the  pressure  is  applied  to  the  fibres  trans- 
versely. 

acL  — When  the  pressure  is  applied  to  the  fibres  longi- 
.i:„  .11..      .1    ..J  jjg  ^^  gpij^  ^^   j^g  pj^j.^  pre^s^jj  against, 

s  to  separate  by  sliding. 
3d. — When  the  pressure  is  applied  to  the  fibres  longi- 
dinoHy.  and  on  short  pieces. 
44th. —  VVhi'u  the  ])ressure  is  applied  to  the  fibres  longi- 
tudinally, and  on  long  pieces. 

These  four  classes  will  now  be  considered  in  their  reg- 
ular order. 
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98. — CoiatpreMlon  TfHiisvcnicly^  to  ilic  Fibres. — In  this 
first  class  ot"  cuniprcssion,  experiment  lias  shown  that  tbe 
resistance  is  in  proportion  to  the  number  of  fibres  pressed, 
that  is,  in  proportion  to  the  area.  For  example,  if  5CXX3 
pounds  is  required  to  crush  a  prism  with  a  base  i  inch 
square,  it  will  require  20,000  pounds  to  crush  a  prism  having 
a  base  of  2  by  2  inches,  equal  to  4  inches  area;  because  4 
times  5000  equals  20000, 

Theiefore,  if  any  given  surface  pressed  be  multiplied  by 
the  pressure  per  inch  which  the  kind  of  material  pressed 
ma}'  be  safely  trusted  with,  the  product  will  be  the  total 
pressure  which  may  with  safety  be  put  upon  the  given  sur- 
face.  Now,  the  capability  for  this  kind  of  resistance  is  given 
in  column  P,  in  Table  I.,  for  each  kind  of  material  named  in 
the  table.  Therefore,  to  find  the  limit  of  weigiu,  proceed 
as  follows: 


99>—'Tlio  Limit  or  Wclglit. — To  ascertain  what  weight 
a  post  may  be  loaded  with,  so  as  not  to  crush  the  surface 
against  which  it  presses,  vvc  have — 

Kuk  I.— IMu!ti[>ly  the  area  of  the  post  in  inches  by  the 
value  of  /',  Table  I.,  and  the  product  will  be  the  weight  re- 
quired in  pounds ;  or^ 


W^AP. 


(I.) 


Example. — A  post,  8  by  10  inches,  stands  upon  a  while 
pine  girder;  the  area  equals  8  x  to  =  80  inches.  This  being 
multiplied  by  320,  the  value  of  /*,  Table  L,  set  opposite  white 
pine,  the  j)roduct,  25600,  is  the  required  weight  in  pounds. 


.1 


100. — .4rcaof  Port.— To  ascertain  what  area  a  post  must 
have  in  order  to  {jrevent  the  post,  loaded  with  a  given 
weight,  from  crushing  the  surface  against  which  it  [iresses, 
we  have — 

Ruic  U.  — Divide  the  given  weight  in  pounds  by  the  value 
of/'.  Table  I.,  and  the  quotient  will  be  the  area  required  in 
inches  r  or — 

^=-p'  (2.) 
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fTxample. — A  post  standing  on  a  Georgia-pine  girder  is 
loaded  with  ioo,cx30  pounds:  what  must  be  its  area?  The 
tvcight,  100000,  divided  by  900,  the  value  of  P,  Tabic  I.,  set 
uppositc  Georgia  pine,  the  quotient.  11 1  >  11,  is  the  required 
area  in  inches.  The  post  may  be  10  by  11^,  or  lo  by  n 
inches;  or  if  square  each  side  will  be  10-54  inches,  or  ii-j^ 
inches  diameter  if  round. 

101.  — Rupture  by  Sliding. —  In  this  the  second  class  of 
rupture  by  compression,  it  has  been  ascertained  by  ex- 
periment that  the  resistance  is  in  proportion  to  the  area  of 
the  surface  separated  without  regard  to  the  form  of  the  sur- 
face. Now,  in  Table  I.,  cotutnii  //,  we  have  the  ultituiite 
resistance  to  this  strain  of  the  several  materials  named. 
But  to  obtain  the  sa/i-  load  per  mch,  the  ultimate  resist- 
ance of  the  table  is  to  be  divided  by  a  factor  of  safety,  of 
such  value  as  circumstances  may  seem  to  require.  Gener- 
ally this  factor  may  be  taken  at  3.  Then  to  obtain  the  safe 
load  for  any  given  case,  we  have  but  to  multiply  the  given 
surface  by  the  ultimate  resistance,  and  divide  by  the  factor 
of  safety  :  therefore,  proceed  as  follows  : 

102.— The  I..linU  of  Wclglil. — Tn  ascertain  what  weight 
may  be  sustained  safely  by  the  resistance  of  a  given  area  of 
surface,  when  the  weight  tends  to  split  off  the  part  pressed 
against  by  causing,  in  case  of  fracture,  one  surface  to  slide 
on  the  other,  we  have — 

Rule  III. — Multiply  th^  area  of  the  surface  by  the  value 
of  //.  in  Table  I.  divide  by  the  factor  of  safety,  and  the 
quotient  will  be  the  weight  required  in  pounds ;  or — 


W^ 


AH 


(3.) 


Example. — ^The  foot  of  a  rafter  is  framed  into  the  end  of 
its  tie-beam,  so  that  the  uncut  substance  of  the  tic-beam  is 
15  inches  long  from  the  end  of  the  tie-beam  to  the  joint  of 
the  rafter;  the  tie-beam  is  of  white  pine,  and  is  6  inches 
thick:  what  amount  of  horizontal  thrust  will  this  end  of 
the  tic-beatn  sustain,  without  danger  of  having  the  end  ol 
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the  tie-beam  split  olT?  Here  the  area  of  surface  that  sus- 
tains the  pressure  is  6  by  15  inches,  equal  to  90  inches. 
This  multiplied  by  480,  the  vahie  of  //,  set  opposite  to 
white  [>inc.  Table  I.,  and  divided  by  3,  as  a  factor  of  safety, 
gives  a  quotient  of  14400,  and  this  is  the  required  weight  ig^ 
pounds.  i^ 


103. — Areti  of  S»iirntcc. — To  ascertain  the  area  of  surface 
that  is  required  to  sustain  a  given  weight  safely,  when  the 
weight  tends  to  split  oft'  the  part  pressed  against,  by  causin 
in  case  of  fracture,  one  surface  to  slide  on   the  other,  v 
have — 

RuU  IV. — Divide  the  given  weight  in  pounds  by  the 
value  of  Hf  Table  I.  ;  multiply  the  quotient  by  the  factor  of 
safety,  and  the  product  will  be  the  required  area  in  inches; 
or — 


H 


A- 


Wa 


Examftle. — The  load  on  a  rafter  causes  a  horizontal  thrust 
at  its  foot  of  40,ocx)  pounds,  tending  to  split  off  the  end  of 
the  tie-beam  :  what  must  be  the  length  of  the  tie-beam  be- 
yond tiie  line  where  the  foot  of  the  rafter  is  framed  into  it, 
the  tic-beam  being  of  Georgia  pine,  and  9  inches  thick? 
The  weight,  or  horizontal  thrust,  40000,  divided  by  S40,  the 
value  of  //,  Table  I.,  set  opposite  Georgia  pine,  gives  a  quo- 
tient of  47*619,  and  this  multiplied  by  3,  as  a  factor  of  safety, 
gives  d  product  of  142-857.  This,  the  area  of  surface  in 
inches,  divided  by  9,  the  breadth  of  the  surface  strained 
(equal  to  the  thickness  of  the  tie-beam),  the  quotient,  15.87, 
IS  the  length  in  inches  from  the  end  of  the  tie-beam  to  the 
rafter  joint,  say  16  inches. 


104.— Tciioa*  and  Spllcca.— A  knowledge  of  this  kind  ol 
resistance  of  materials  is  useful,  also,  in  ascertaining  the 
length  of  framed  tenons,  so  as  to  prevent  the  pin,  or  key, 
with  which  they  arc  fastened  from  tearing  out;  and,  also,  in 
cases  where  tie-beams,  or  other  timber  under  a  tensile  strain, 


t 
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are  spliced,  this  rule  gives  the  length  of  the  joggle  at  each 
end  of  the  splice. 

lOS.^sioui  Po»t«,— These  comprise  the  third  class  of  ob- 
jects subject  to  compression  (Art.  97),  and  include  all  posts 
which  are  less  than  ten  diameters  high.  The  resistance  to 
compression,  in  this  class,  is  ascertained  to  be  directly  in  pro- 
portijjn  to  the  area  of  cross-section  of  the  post. 

Now  .  in  Table  I.,  column  C^  the  u/timati'  resistance  to 
crushing  is  given  for  the  several  kinds  of  materials  mimed  ; 
from  which  the  safe  resistance  per  inch  may  be  obtained  by 
dividing  it  by  a  proper  factor  of  safety.  Having  the  safe 
resistance  per  inch,  the  resistance  of  any  given  post  may  be 
determined  by  multiplying  it  by  the  area  oi  the  cross-section 
of  the  post.     Therefore,  proceed  as  follows : 

106. — The  Limit  of  Wefglit. — To  find  the  weight  that  can 
be  safely  sustained  by  a  pobt,  when  the  height  of  the  post  is 
less  than  ten  times  the  diameter  if  round,  or  ten  times  the 
thickness  if  rectangular,  and  the  direction  of  the  pressure 
coinciding  with  the  axis,  we  have — 

RuU  V.^-Multiply  the  area  of  the  cross-section  of  the 
post  in  inches  by  the  value  of  CT,  in  Table  I. ;  divide  the  pro- 
duct by  the  factor  of  safely,  and  the  quotient  will  be  the  re- 
quired weight  in  pounds  ;  or — 


IV 


A  C 
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ExampU. — A  Georgia-pine  post  is  6  feet  high,  and  in 
cross-section  8  X  12  inches:  what  weight  will  it  safely  sus- 
in?  The  height  of  this  post,  125^6  =  72  inches,  which  is 
less  than  10  x  S  (the  size  of  the  narrowest  side)  =  80  inches ; 
it  therefore  belongs  to  the  class  coming  under  this  rule.  The 
area  =  8  v  12  =  96  inches ;  this  multiplied  by  9500,  the  value 
of  C,  in  the  table,  set  opposite  Georgia  pine,  and  divided  by 
6,  as  a  factor  of  safety,  the  quotient,  152000,  is  the  weight  m 
pounds  required.  It  will  be  observed  that  the  weight  would 
be  the  same  for  a  Georgia-pine  post  of  any  height  less  than 
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ro  times  8  inches  =  80  inches  =  6  feet  8  inches,  provided  its 
breadth  and  thickness  remain  the  same,  12  and  8  inches. 


107. — Area  of  Font. — To  find  the  area  of  the  cross-sec- 
tion of  a  post  to  sustain  a  given  weight  safely,  the  height  of 
the  post  being  less  than  ten  times  the  diameter  if  round,  or 
ten  times  the  least  side  if  rectangular,  the  pressure  coinciding 
with  the  axis,  we  have — 

Rn/i'  VI. — Divide  the  given  weight  in  pounds  by  the 
value  of  C,  in  Table  I. ;  multiply  the  quotient  by  the  factor 
of  safety,  and  the  product  will  be  the  required  area  in 
inches ;  or — 

A  =  %?.  (6.) 


Examplt'. — A  weight  of  40,000  pounds  is  to  be  sustained 
by  a  white-pine  post  4  feet  high:  what  must  be  its  area  ol 
section  to  sustain  the  weight  safely  ?  Here,  40000  divided 
by  6650,  the  value  of  C  in  Table  I.,  set  opposite  white  pine, 
and  the  quotient  multiplied  by  6,  as  a  factor  of  safety,  the  pro 
duct  is  56  ;  this,  therefore,  is  the  required  area,  and  such  a 
post  may  be  6  x  6  inches.  To  find  the  least  side,  so  that  it 
shall  not  be  less  than  one  tenth  of  the  height,  divide  the 
height,  reduced  to  inches,  by  10,  and  make  the  least  side  to 
exceed  this  quotient.  The  area  divided  by  the  least  side  so 
determined  will  give  the  wide  side.  If,  however,  by  this 
process,  the  first  side  found  should  prove  to  be  the  greatest, 
then  the  size  of  the  post  is  to  be  found  by  Rule  tX.,  X., 
XL 


108. — Areii  «r  Ritiind  Porih. — In  case  the  post  is  to  be 
round,  its  diameter  mav  be  found  by  reference  to  the  Table 
of  Circles  in  the  Appendix,  in  the  column  of  diameters,  op- 
posite to  the  area  of  the  post  to  be  found  in  the  column  of 
areas,  or  opposite  to  the  next  nearest  area.  For  example, 
Suppose  the  required  area,  as  just  found  by  the  example 
under  Rule  VI.,  is  36:  by  reference  to  the  column  of  areas, 
35-78  is  the  nearest  to  36,  and  the  diameter  set  opposite  is 
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6.75,  which  is  a  trifle  too  small.     The  post  may  therefore  be, 
say,  6|  inches  diameter. 

109. — Slender  Po«t». — When  the  height  of  a  post  is  less 
than  ten  times  its  diameter,  the  resistance  of  the  post  to 
crushing  is  approximately  In  proportion  to  its  area  of  cross- 
section.  But  when  the  height  is  equal  to  or  more  than  ten 
diameters,  the  resistance  per  square  inch  is  diminished.  The 
resistance  diminishes  as  the  height  is  increased,  the  diameterJ 
remaining  the  same  {Transverse  Strains,  Art.  643).  The 
strength  of  a  slender  post  consists  in  a  combination  of  the 
resistances  of  the  material  to  bending  and  to  crushing,  and 
is  represented  in  the  following  rule: 

MO. — The  Umit  of  WelgUr.^To  ascertain  the  weight 
that  can  be  sustained  safely  by  a  post  the  height  of  which 
is  at  least  ten  times  its  least  side  if  rectangular,  or  ten  times 
its  diameter  if  round,  the  direction  of  the  pressure  coincid- 
ing with  the  axis,  we  have — 

Rulc\\\. — Divide  the  height  of  the  post  in  inches  by  the 
diameter,  or  least  side,  in  inches;  multiply  the  quotient  by 
itself,  or  take  its  square  ;  multiply  the  square  by  the  value 
of  I',  in  Table  HI.,  set  opposite  the  kind  of  material  of  which 
the  post  is  made ;  to  the  product  add  the  half  of  itself;  to 
the  sum  add  unity  (or  one);  multipi)'  this  sum  by  the  factor 
of  safety,  and  reserve  the  product  for  use,  as  below.  Now 
multiply  the  area  of  cross-section  of  the  post  in  inches  by 
the  value  of  C  in  Table  I.,  set  opposite  the  material  of  the 
post, and  divide  the  product  by  the  above  reserved  product; 
the  quotient  will  be  the  required  weight  in  pounds ;  or — 


imL 
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^le :  A  Round  Post. — What  weight  may  be  safely 
placed  upon  a  post  of  Georgia  pine  10  inches  diameter  and 
10  feet  high,  the  pressure  coinciding  with  tlje  axis  of  the 
post?  The  height  of  the  post,  ( 10  v  12  ==)  120  inches,  divided 
by  10,  its  diameter,  gives  a  quotient  of  12;  this  multiplied 


by  itself  g^ivcs  144,  its  square;  and  this  by  -00109,  the  value 
of  €  for  Georgia  pine,  in  Table  III.,  gives  '15696;  to  which 
adding  its  half,  tlic  sum  is  0-23544;  to  which  adding  unity, 
the  sum  is  1-23544;  and  this  multiplied  by  7,  as  a  factor  of 
safety,  the  product  is  8-648,  the  reserved  divisor.  Now  the 
area  of  the  post  is  (see  Table  of  Areas  of  Circles,  in  the  Ap- 
pendix, opposite  its  diameter,  10)  78 •54;  this  multiplied  by 
9500,  the  value  of  C  for  Georgia  pine,  in  Table  I.,  gives  a 
product  of  746130;  which  divided  by  8-648,  the  above  re-  1 
served  divisor,  gives  a  quotient  of  8627S,the  required  \vcigl|||^| 
in  pounds. 

Another  Example  :  A  Reciangnlar  Post. — Wliat  weight  may 
be  safely  placed  upon  a  white-pine  post  lox  12  inches,  and 
15  feet  higli,  the  |>ressurc  coinciding  with  the  axis  of  the 
post?  Proceeding  according  to  the  rule,  we  find  the  height 
of  the  post  to  be  180  inches,  which  divided  by  10,  the  least 
side  of  the  post,  gives  18  ;  this  multiplied  by  itself  gives  };l\ 
its  square;  which  mukiplied  by  -0014,  the  value  of  r  f< 
white  pine,  in  Table  HI.,  gives  '4536:  to  which  adding 
half,  the  sum  is  -6S04;  to  which  adding  unity,  the  sum  is 
1  -6804  ;  and  this  multiplied  by  8,  as  a  factor  of  safety,  the  pro- 
duct is  13-4432,  the  reserved  divisor.  Now  the  area  of  the 
post,  (10  X  12  =)  120  inches,  multiplied  by  6650,  the  value  o( 
C  for  white  pine,  in  Table  I.,  gives  a  product  of  708,000,  and 
this  divided  by  13-4432,  the  above  reserved  divisor,  the  quo- 
tient, 59360,  is  the  required  weight  in  pounds. 
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111. — Diiimelor  or iho  Po«t :  wli*>n  Ririiiid. —  Ti)ascertain 
the  size  «»f  a  round    post  to  sustain  safely  a  given  weigK^il 
when  the  height  of  the  post  is  at  least  ten  times  the  diamcter^^ 
the  direction  of  the  pressure  coinciding  with  the  axis  of  the 
post;  we  have —  ^H 

RuteWW. — Multiply  the  given  weight  by  the  factor  <^^ 
safety,  and  divide  tlic  product  by  i  -5708  times  the  value  of  C 
for  the  material  of  the  post,  found  in  Table  I.  ;  reserve  the 
quotient,  calling  its  value  G.  Now  multipiv  432  times  the 
value  of  <•  for  the  material  of  the  post,  found  in  Table  III., 
by  the  square  of  the  height  in  feet,  and  by  the  above  quo- 
tient (7;  to  the  product  add  the   square  of  (}•  extract  the 
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square  root  of  the  sum,  and  to  it  add  the  value  of  f7;  ihcn 
the  square  root  of  this  sum  will  be  the  required  diameter; 

Of— 


G  = 


.  =f/ 


1.5708  C 


—What  should  be  the  diameter  nf  a  locust' post 
10  k^i  ju_;h  lij  sustain  safe I3' 40,000  pounds,  the  pressure 
Corncidinjij  with  tlic  axis?  Proceeding  by  the  rule,  the  given 
Weight  multiplied  by  6,  taken  as  a  factor  cif  safety,  equals 
240000.  Dividing  this  by  1-5708  times  11 700,  the  value  of 
rfor  Uxrufvt,  in  Table  I.,  the  quotient,  13-06.  is  the  value  of 
7,  the  square  of  which  is  170-53.  Now.  the  value  of  e  for 
in  T.ible  1II.»  is  -0015.  This  multiplied  by  432,  by 
the  square  of  the  height,  and  by  the  alxne  value  of  G, 
Vesa  product  of  846-2;  which  added  to  170-53,  the  above 
c  of  G,  gives  the  sum  of  1016-73.  To  31-89,  the  square 
of  this,  add  the  above  value  of  G\  then  67,  the  square 
I  o(  this  sum,  is  the  required  diameter  of  the  pt>st.  The 
t  therefore  requires  to  be  6-7,  say  6J  inches  <Iiamcter, 

112. — Wde  of  ilic  Po»t :  when  Square.— To  ascertain  the 
ide  of  ;■  post  to  sustain  safely  a  given  weight,  when 

c  hcij.;  "-  post  is  at  least  ten  times  the  side  ;  the  pres- 

re  coinciding  with  the  axis  ;  we  have — 
^#//   IX. —  Nfultiply   the  given   weight   bv   the   factor  of 

'ety.and  divide  the  product  by  twice  the  value  of  C  for 
he  material  of  the  post,  found  in  Table  1. ;  reserve  the  quo- 
icMt,  calling  its  value  G.  Now  multiply  432  times  the  value 
^  f  for  the  material  of  the  post,  h>und  in  Table  III.,  by  the 
quare  of  the  height  in  feet,  and  by  the  above  quotient  G: 
0  the  prtkluct  adtl  the  square  (3f  G  ;  extract  the  s<piare  root 
>f  the  sum,  and  to  it  add  the  value  of  G ,  then  the  square 
"oot  of  this  sum  will  be  the  required  side  of  the  post  ;  or — 


G- 
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5  ^U  J 0,12  Gt'l'  +  G*  +  G. 
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Example. — Wliat  should  be  the  side  of  a  Georgia-pine 
square  post  1 5  fett  high  tij  sustain  safely  50,000  pounds,  the 
pressure  coinciding  with  the  axis  of  the  post?  Proceeding 
by  the  rule.  50,000  pounds  multiplied  by  6,  as  a  factor  of 
safety,  gives  300000;  this  divided  by  2  X9500  (the  value  uf 
dr)=»i9000,  the  quotient,  15-789,  is  the  value  of  G,  The 
value  of  e  for  Georgia  pine  is  -ooiog;  the  square  of  the 
height  is  225 ;  then,  432  times  •00109  ^3'  225  and  by  I5'7{J9 
(the  above  value  of  6')  gives  a  product  of  1672-86  :  the  square 
of  6^  equals  249-31  ;  this  added  lo  1672-86  gives  a  sum  of 
I922«  17,  the  square  root  of  which  is  43-843  ;  which  added  to 
15-789,  the  value  of  G,  gives  59-632,  the  square  root  of  which 
is  7 '722,  the  required  side  of  the  post.  The  post,  therefore, 
requires  to  be,  say,  7f  inches  square. 

113. — TlitckMcuB  of  a  RcctaiiKular  PobI.— This  may  be 
definitely  ascertained  when  the  proportion  which  the  thick- 
ness shalf  bear  to  the  brcatlth  shall  have  been  previously 
determined.  For  example,  when  the  prop<irtion  is  as  6  to  8, 
then  1 J  times  6  equals  8,  and  the  proportion  is  as  I  to  \\\ 
again,  when  the  proportion  is  as  8  to  10,  then  i^  times  8 
equals  10,  and  in  this  case  the  propiirtion  is  as  I  to  1;^.  Let 
the  latter  figure  of  the  ratio  i  to  1^,  1  to  i\,  etc.,  be  call 
n,  or  so  that  the  proportion  shall  he  as  l  to  «,  then — 

To  ascertain  the  thickness  of  a  post  to  sustain  safely 
given  weight,  when  the  height  is  at  least  ten  times  the  thick 
ness ;  the  action  of  the  weight  coinciding  with  the  axis ; 
have — 

Rule  X. — Multiply  the  given   wciglit  by    the    factor 
safetv,  and  divide  the  product  by  twice  the  value  of  C  for 
the  material  of  the  })ost,  found  in  Table  I.,  multiplied  by 
as  above  explained  ;  reserve  the  quotient,  calling  it  G. 
multiply  432  times  the  value  of  <■  for  the  material  ol  the 
found  in  Table  III.,  by  the  square  of  the  height  in  feet, 
by  the  above  quotient  G\  to  the  product  add  the  square  of 
G ;  extract  the  square  root  of  the  sum,  and  to  it  add  the  value 


xt 
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';  then  the  square  root  of  this  sum  will  be  the  required 
less  of  the  post ;  or — 


G  = 


Wa 


2  C  n 


t  =  y   1432  Ger^G'-v  G. 


{i2.) 


(13.) 


]xampi€. — What  should  be  the  tliickncss  of  a  white-pine 
ngularpost  20  feet  high  to  sustain  safely  30.000  pounds, 
lie   pressure  coinciding  with  the  axis,  and  the  proportion 
twceu  the  thickness  and  breadth  to  be  as  10  to  12,  or  as  i 
1  -2  ?     Proceeding  according  to  the  rule,  we  have  the  pro- 
uct  of   30000,  the  given  weight,  by  6,  as  a  factor  of  safety, 
uals  iScxxxD :  this  divided  by  twice  Cx  //,  or  2  x  6650  x  1  -2, 
15960)  gives  a  quotient  of  11-278,  the  value  of  G,     Then, 
ire   have  f  =  -0014,   the  square  ot   the   height  equals  400; 
|jercfore,432  X  '0014X400K  11-278  =  2728-43.    To  this  add- 
ing  127- 2,  the  square  of    6",  we    have    2855  63,  the  square 
t  of  which  is  53-438;  and  this  added  to  G  gives  64-716. 
iC  square  root  of  which  is  8-045,  the  required  thickness  of 
e  post.     Now,  since  the  thickness  is  in  proportion  to  the 
eadth  as  i  to  1-2,  therefore  8-045  x  1-2  =  9-654,  the  re- 
ujred   width.     The   post,   therefore,   may  be  made  8x9! 
ches. 


I  114'.  — Breadlli  of  a  Rcctangutar  Poitt.— When  the  thick- 
less  of  a  post  is  ftxed,  and  the  breadth  required;  then,  to 
iscertain  the  breadth  of  a  rectangular  post  to  sustain  safely 
^  given  weight,  the  direction  of  the  pressure  of  which  cuin- 
ides  with  the  axis  of  the  post,  we  have — 

Rule  XI.— Divide  the  height  in  inches  by  the  given  thick- 

:ss,  and  multiply  the  quotient  by  itself,  or  take  its  square: 
luUiply  this  square  by  the  value  of  ^  for  the  material  of  the 

)st.  found  in  Table  111.;  to  the  product  add  its  half,  and  to 
sum  add  unity  ,  multiply  this  sum  by  the  given   weight, 

id  bv  the  factor  of  safety ;  divide  the  product  by  the  pro- 

ict  of  the  given  thickness  multiplied  by  the  value  of   C  for 
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the  material  of  the  post,  found  in  Table  I.,  and  the  quotieot 
will  be  the  required  breadth  :  or — 

■       '  ^="^- <■;/'•'•'>■  04.) 

£-rtfw//A— What  should  be  the  breadth  of  a  spruce  post 
i8  feet  high  and  6  inches  thick  to  sustain  safely  25,000 
pounds,  the  pressure  coinciding  with  the  axis  of  the  post? 
According  to  the  rule,  216  (  =  12  •:  18),  the  height  in  inches, 
divided  by  6,  the  given  thickness,  gives  a  quotient  of  36,  the 
square  of  which  is  1296;  the  vahie  of  i*  for  spruce  is  •00098; 
this  multiplied  by  1296,  the  above  square,  equals  i  -27 ;  which 
increased  by  -635,  its  half,  amounts  to  i  -905  :  this  increased 
by  unity,  the  sum  is  2-905  ;  which  multiplied  by  the  given 
weight,  and  by  the  factor  of  safety,  gives  a  product  of 
435749 ;  and  this  divided  by  6  (the  given  thickness)  tinries 7850 
(the  value  of  (7  for  spruce)  =  47100,  gives  a  quotient  of  9-2516, 
the  required  breadth  of  the  post.  The  i>ost,  therefore,  re- 
quires to  be  6  X  9i  inches. 

Observe  that  when  the  breadth  obtained  by  the  rule  is 
less  than  the  given  thickness,  the  result  shows  that  the  con- 
ditions of  the  case  arc  incompatible  with  the  rule,  and  that 
a  new  computation  must  be  made :  taking  now  for  the 
breadth  what  was  before  understt)od  to  be  the  thickness, 
and  proceeding  in  this  case,  by  Rule  X.,  to  find  the  thickness. 

115. — ReMittHnce  to  Tcii»U»ii.— In  Art.  95  arc  recorded  the 

results  of  experiments  made  to  test  the  resistance  of  vari- 
ous materials  to  tensile  strain,  showing  in  each  case  the  ca- 
pability to  such  resistance  per  square  inch  of  sectional  area. 
The  action  ai  materials  in  resisting  a  tensile  strain  is  quite 
simple  :  their  resistance  is  found  ttj  be  directly  as  their  sec* 
tional  area.     Hence — 

116. — The  IJmit  *>r  Weliflii.— To  ascertain  the  weight  or 

pressure  that  may  be  safely  applied  to  a  beam  or  rod  as  a 
tensile  strain,  we  have — 

Ru/^  XII. — Multiply  the  area  of  the  cross-sectii mi  of  the 
beam  or  rod  in  inches  by  the  value  of   T,  Table  11.;  divide 


r 
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e  product  by  the  factor  of  safety,  and  the  quotient  will  be 
e  required  weight  in  pounds ;  or — 


(15.) 


(The  cross-section  here  intended  is  that  taken  at  the  sriiall- 
|cst  part  of  the  beam  or  rod.  A  beam,  in  framing,  is  usually 
put  with  mortices;  the  area  will  probably  be  smallest  at  the 
'severest  cutting ;  the  area  used  in  the  rule  must  be  that  of  the 
^uncut  fibres  only. 

Example. — The  tie-beam  of  a  roof-truss  is  of  white  pine, 
6  X  10  inches;  the  cutting  for  the  foot  e)f  the  raltcr  reduces 
the  uncut  area  to  40  inches :  what  amount  of  horizontal  thrust 
from  the  foot  of  the  rafter  will  this  tie-beam  safely  sustain? 
Here  40  times  12000,  the  value  of  T,  equals  480000;  this 
divided  by  6,  as  a  factor  of  safety,  gives  Soooo,  the  required 
weight  in  p>ounds. 

117. — §cctlonal  Area. — To  ascertain  the  sectional  area  of 
a  beam  or  rod  that  will  sustain  a  given  weight  safely,  when 
applied  as  a  tensile  strain,  we  have — 

Rule  XIII. — Multiply  the  given  weight  in  pounds  by  the 
factor  of  safety  ;  divide  the  product  by  the  value  of  7",  Table 
II.,  and  the  quotient  will  be  the  area  required  in  inches: 
or — 

A=^.  (16.) 

This  is  the  area  of  uncut  fibres.  If  the  piece  is  to  be  cut 
(  for  mortices,  or  for  any  other  purpose,  then  for  this  an 
I  adequate  addition  is  to  be  made  to  the  result  found  by  the 
'  rule. 

Example. — A  rafter  produces  a  thrust  horizontally  of  80,000 
pounds;  the  tie-beam  is  to  be  of  oak:  what  must  be  the 
area  of  the  cross-section  of  the  tie-beam  in  order  to  sustain 
the  rafter  safely  ?  The  given  weight,  80000,  multiplied  by 
10,  as  a  factor  of  safety,  gives  800000;  this  divided  by  19500, 
the  value  of  7",  Table  II.,  the  quotient, 41,  is  the  area  of  uncut 
fibres.     This  should  have   usually    one  half  ol    its  amount 
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added  to  it  as  an  allowance  for  cutting:  therefore,  41+21 
=  62.     The  tie-beam  may  be  6  x  lo^^  inches. 

Afiaf/wr  Exmnplt',  —  A  tie-rod  of  American  refined 
wrought  iron  is  required  to  sustain  safely  36,000  pounds: 
what  should  be  its  area  of  cross-section?  Taking  7  as  the 
factor  of  safety,  7  x  36000  =  252000;  and  this  divided  by 
60000,  the  value  of  7",  Table  H.,  gives  a  quotient  of  4-2  inches, 
the  required  area  o{  the  rod. 

118, — IVelglii  of  tlie  Sunpcnditig:  Piece  Iiirluded.— Pieces 

subjected  to  a  tensile  strain  are  frequently  suspended  verti- 
cally. In  this  case,  at  the  upper  end,  the  strain  is  due  nul 
only  to  the  weight  attached  at  the  lower  end,  but  also  to  the 
weight  of  tlic  rod  itself.  Usually,  in  timber,  this  is  small 
in  comparison  with  the  load,  and  may  be  neglected; 
although  in  very  long  timbers,  and  where  accuracy  is  decid- 
edly essential,  as,  also,  when  the  rod  is  of  iron,  it  may  form 
a  part  of  the  rule.  Taking  the  effect  of  the  weight  of  the 
beam  into  account,  the  relation  existing  between  the  weights 
and  the  beam  requires  that  the  rule  for  the  weight  should 
be  as  follows: 

Rule  XIV. — Divide  the  value  of  T  iox  the  material  of  the 
beam  or  rod,  Table  IL,  by  the  factor  of  safety;  from  the 
quotient  subtract  0-434  times  the  specific  gravity  of  the  ma- 
terial in  the  beam  or  rod  multiplied  by  the  length  of  the 
beam  or  njd  in  feet;  multiply  the  remainder  by  the  area  of 
cross-section  in  inches,  and  the  product  will  be  the  require 
weight  in  pounds  ;  or — 


W 


=  -^  (---o-434/j)- 


(17.) 


N.  B. — This  rule  is  based  upon  the  condition  that  the  sus- 
pending piece  be  neit  cut  by  mortices  or  in  any  other  way. 

Example, — What  weight  may  be  safely  sustained  by  a 
white-pine  rod  4x6  inches,  40  feet  long,  suspended  verti- 
cally? For  white  pine  the  value  of  T  is  12000;  this  divid- 
ed by  8,  as  a  factor  of  safety,  gives  1500;  from  which  sub- 
tracting 0-434  times  0-458  (the  specific  gravity  of  white  pine. 
Table  II.)  multiplied  by  40,  the  length  in  feet,  the  remainder 
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Is  1492-049;  which  multiplied  by  24  (  =  4x6,  the  area  of 
cross-section)  equals  35,761  pounds,  the  required  weight  to  be 
carried.  The  weight  which  the  rule  wnuld  j;\\'c,  neglecting 
the  weight  of  the  rod,  would  have  been  36000;  ordinarily^ 
so  slight  a  difference  would  be  quite  unimportant. 

II9> — Area  or  Sii^ipcndlng  Piece. — To  ascertain  the  area 
of  a  suspended  rod  to  sustain  sa(cly  a  given  weiglit,  when 
the  weight  of  the  suspending  piece  is  regarded,  we  have — 

J^u/r  W. — Multiply  0-434  times  the  sjicciiic  gravity  of 
the  suspending  piece  by  the  length  in  feet;  deduct  the  pro- 
duct from  the  quotient  arising  from  a  division  of  the  value 
of  T,  Table  11.,  by  the  (actor  of  safety,  and  with  the  remain- 
der divide  the  given  weight  in  pounds ;  the  quotient  will  be 
the  required  area  in  inches  ;  or — 


A^ 


H' 


-o-434/-y 


(18.) 


N.B. — This  rule  is  based  upon  the  condition  that  the  rod 
be  not  injured  in  anywise  by  cutting. 

Example. — What  should  be  the  area  of  a  bar  of  English 
cast  iron  20  feet  long  to  sustain  safely,  suspended  from  its 
lower  end,  a  weight  of  5000  pounds  ?  Taking  the  factor  of 
safety  at  7-0,  and  the  specific  gravity  also  at  7,  and  the 
value  of  7',  Table  II.,  at  17000,  we  have  the  product  of 
0-434  X  7-0  y  20  =  60-76;  then  17000  divided  bv  7  gives 
a  quotient  of  2428-57;  from  which  deducting  the  above 
60-76,  there  remains  2367-81  ;  dividing  5000^  the  given 
weight,  by  this  remainder,  we  have  the  quotient,  2- 1 1,  which 
is  the  required  area  in  inches. 

RESISTANCE    TO    TRANSVERSE   STRAINS. 

120* — Trannvcrne  MIruins:  Rii|»lurc — A  load  placed 
upon  a  beam,  laid  horizontally  or  inclined,  will  bend  it,  and, 
if  the  weight  be  proptirtionall}-  large,  will  break  it.  The 
power  in  the  material  that  resists  this  bending  or  breaking 
is  termed  the  resistance  to  cross-strains^  or  transverse  strains. 


•5-%B'i^ 
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Whi!c  in  posts  or  struts  the  material  is  compressed  or  short- 
ened, and   in  ties  and  suspending  pieces  it  is  extended  or 
lengthened,  in  beams  subjected  to  cross-strains  the  material 
is  both  con^jiresscd  and  extended.    (See  Ar/.  91.)    When  the 
beam  is  bent  the  fibres  on  the  concave  side  are  compressed. 
while   those  on    the  conve'x    side  are   extended.      The  line 
where  these  two  portions  of  the  beam  meet — that  is,  the 
portion  compressed  and  the  portion  extended  —  the  hori- 
zontal line  of  juncture,  is  termed  the  mutral  line  or  plane. 
It  is  so  called  because  at  this  line  the  fibres  are  neither  com- 
pressed nor  extended,  and  hence  are  under  no  strain  what- 
ever.    The  location  of  this  line  tir  plane  is  not  far  from  the 
middle  of  the  depth  of  the  beam,  when  the  strain  is  not  suf- 
ficient to  injure  the  elasticity  of  the  material  ;    but  it  re- 
moves tciwards  the  concave  or  convex  side  of  the  beam  as^j 
the  strain  is  increased,  until,  at  the  period  of  rupture,  il^| 
distance  from  the  top  of  the  beam  is  in  proportion  to  its  dis-^" 
tancc  frum  the  bottom  of  the  beam  as  the  tensile  strength 
the  material  is  to  its  compressive  strength. 


121. — Liocalloii  of  IHortlc^eii. —  in  order  that  the  diminuti 
of  the  strength  of  a  beam  by  framing  be  as  small  as  possible, 
all  mortices  should  be  located  at  or  near  the  middle  of  the 
depth.  There  is  a  prevalent  idea  with  some,  who  are  aware 
that  the  upper  fibres  of  a  beam  are  compressed  when  sub- 
ject to  cross-strains,  that  it  is  not  injurious  to  cut  these  top 
fibres,  provided  that  the  cutting  be  for  the  insertion  of  an- 
other [>iece  of  timber — as  in  the  case  of  gaining  the  ends  of 
beams  int«.>  the  side  i»f  a  girder.  They  suppose  that  the  piece 
filled  iir  will  as  efFectually  resist  the  compression  as  the  part 
removctl  woukl  have  done,  had  it  not  been  taken  out.  Now, 
besides  the  eflfect  of  shrinkage,  which  of  itself  is  quite  suf- 
ficient to  prevent  the  proper  resistance  to  the  strain,  there 
is  the  mechanical  difliculty  of  fitting  the  joints  perfectly 
throughout;  and,  also,  a  great  loss  in  the  power  of  resist- 
ance, as  the  material  is  so  much  less  capable  of  resistance 
when  pressed  at  right  angles  to  the  direction  of  the  fibri 
than  when  directly  with  them,  as  the  results  of  the  expe: 
ments  in  the  tables  show. 


01^ 


122.— Trttiuivcirtte  Siruiu<i :  Rrlullon  of  Weight  to  Dk 
mvnloD*. — The  streng^th  of  various  materials,  in  their  re- 
sistance lo  cfoss-slrains,  is  jjivcn  in  Tabic  III.,  Arf.  96.  The 
second  cohimn  of  the  table  contains  the  results  of  expcri- 
mrntsmadc  to  test  ihcir  resistance  to  rupture.  In  the  case 
of  cadi  material,  the  fij^ures  ^iven  and  represented  by  B 
indictte  the  pounds  at  the  middle  required  to  bre:ik  a  unii 
o(  ibe  '  '  '  r  a  piece  1  inch  square  and  i  foot  long 
bctwe;  iig^s  upon  which  the  piece  rests.     To  be 

abJc  to  use  these  indices  of  strength,  in  the  computation  of 
the  strength  of  lar<^c  beams,  it  is  requisite,  first,  to  establish 
the  relation  between  the  unit  of   material  and  the  larger 
beam.  Nrm',  it  may  be  easily  comprehended  that  the  strength 
of  beams  will   bo  in  proptjrtion  to  their  breadth  ;  that  is. 
when  the  length  and  depth  remain  the  same,  the  strength 
iHU  be  directly  as  the  breadth  ;  lor  it  is  evident  that  a  beam 
J  inches  bnxid  will  bear  twice  as  much  as  one  which  is  only 
t  inch  broad,  or  that  one  which  is  6  inches  broad  will  bear 
three  times  as  much  as  one  which  is  2  inches  broad.     This 
blishes  the  relation  of  the  weight  to  the  breadth.     With 
depth,  hf>wcver,  the  relation  is  different ;  the  strength  is 
greater   than   simply  in   proportion   to  the  depth.     If  the 
hoards  cut  fn>m  a  squared  piece  of  timber  be  piled  up  in 
the  order  in  which  they  came  from  the  timber,  and  be  loaded 
irilh  a  heavy  weight  at  the  middle,  the  boards  will  rleflect 
or  sag  much  more  than  they  would  have  done  in  the  timber 
bcf«  The  greater  strength  of  the  material  when 

in  :i  .        -  ^*^  limber  is  due  to  the  cohesion  of  the  tibres 

at  the  line  of  separation,  by  which  the  several  boards,  before 
■,  arc  prevented  from  sliding   upon   each   rithcr,  and 

lie  resistance  to  compression  and  tension  is  made  to 

contribute  lo  the  strength.  This  resistance  is  found  to  be 
in  '  'ion  to  the  depth.     Thus  the  strength  due  to  the 

<Jc^  .  .  nrst.  that  which  arises  from  the  quantity  of  the 
material  (the  greater  the  depth,  the  more  the  material). 
which  is  in  pn>portiot»  to  the  depth  ;  t hen » that  which  en- 
sues from  the  cohesion  of  the  fibres  in  such  a  manner  as  to 
prrvent  iJiding :  this  is  also  as  the  depth.  Combining  the 
two,  we  have,  as  the  total  result,  the  resistiince  in  proportion 
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to  the  square  of  the  depth.  The  relation  between  the 
weight  and  tbe  length  is  such  that  the  longer  the  beam  is, 
the  less  it  will  resist ;  a  beam  which  is  20  feet  long  will  sus- 
tain only  half  as  much  as  one  which  is  10  feet  long;  the 
breadth  and  depth  each  being  the  same  in  the  two  beams. 
From  this  it  results  that  the  resistance  is  inversely  in  pro- 
portion to  the  length.  To  obtain,  therefore,  the  relatioa 
between  tlie  strength  of  the  unit  of  material  and  that  of  a 
larger  beam,  we  have  these  facts,  namely  :  tiie  strength  of 
the  unit  is  the  value  of  i',  as  recorded  in  Table  IlL;  and 
the  strength  of  the  larger  beam,  represented  by  \V,  the 
weight  required  to  break  it,  is  the  pniduct  uf  the  breadth 
into  the  square  of  the  depth,  divided  by  the  length ;  oTi 
while  for  the  unit  we  have  the  ratio — 

B :  I, 

we  have  for  the  larger  beam  the  ratio — 


W 


bd^ 


Therefore,  putting  these  ratios  in  an  expressed  proportion, 
we  have — 

From  which  (the  product  of  the  means  equalling  the  pro- 
duct of  the  extremes  ;  see  Art.  373)  we  have— 


W^ 


libd' 


(19.) 


In  which  W  represents  the  pounds  required  to  break  a 
beam,  when  acting  at  the  middle  between  the  two  sup{X)rts 
upon  which  the  beam  is  laid  ;  of  which  beam  b  represents 
the  breadtl)  and<y  the  depth,  both  in  inches,  and  /  the  length 
in  feet  between  the  supports;  and  B  is  from  Tabic  III.,  and 
represents  the  pounds  required  to  break  a  unit  of  material 
like  that  contained  in  the  larger  beam. 
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123. —  Safe  l¥clfrht:  Load  at  nildclle. —  The  relation 
established,  in  the  last  article,  between  the  weight  and  the 
dimensions  is  that  which  exists  at  the  moment  of  rupture. 
The  nile  (19.)  derived  therefrom  is  not,  therefore,  directly 
practicable  for  computing  the  dimensions  of  beams  for 
buikiinj^s.  From  it,  however,  one  may  readily  be  deduced 
which  shall  be  practicable.  In  the  fifth  column  of  Table  III. 
are  given  the  least  values  ofu,  the  factor  uf  safety,  explained 
in  Ari.  96.  Now,  if  in  place  of  B,  the  symbol  for  the  break- 
ing weight,  the  quotient  of  B  divided  by  a  be  substituted, 
then  the  rule  at  once  becomes  practicable  ;  the  results  now 
being  in  consonance  with  the  requirements  for  materials 
used  in  buildings.     Thus,  with  this  modification,  we  have — 


W  = 


al 


(20.) 


y 

Therefore,  to  ascertain  the  weight  which  a  beam  may  be 
safely  loaded  with  at  the  centre,  we  have — 
I       Rule  XVI.— Multiply  the  value  of  />\  Table  III.,  for  the 

I  kind  of  material  in  the  beam  by  the  breadth  and  by  the 
square  of  the  depth  of  the  beam  in  inches ;  divide  the  pro- 
duct by  the  product  of  the  factor  of  safety  into  the  length 
!  of  the  beam  between  bearings  in  feet,  and  the  quotient  will 
I  be  the  weight  in  pounds  that  the  beam  will  safely  sustain 
i  at  the  middle  of  its  lengttt. 

Example. —  What  weight  in  pounds  can  be  suspended 
>  safely  from  the  middle  of  a  Georgia-pine  beam  4X  10  inches, 
j  and  20  feet  long  between  the  bearings?  For  Georgia  pine  the 
value  of  B,  in  Table  III.,  is  850,  and  the  least  value  of  a  is 
1-84.  For  reasons  given  in  Art.  96,  let  a  be  taken  as  high 
as  4;  then,  in  this  case,  the  value  of  b  is  4,  and  that  of  d  is 
10,  while  that  of/  is  20.  Therefore,  proceeding  by  the  rule, 
850  X  4  V  io»  =  340000 ;  this  divided  by  4  x  20  (=  80)  gives 
a  quotient  of  4250  pounds,  the  required  weight. 

Observe  that,  had  the  value  of  a  lieen  taken  at  3,  instead 
of  4,  the  result  by  the  rule  would  have  been  a  load  of  5667 
pounds^  instead  of  4250,  and  the  larger  amount  would  be 
none  too  much  for  a  safe  load  upon  such  a  beam  ;  although, 
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with  it,  the  deflection  would  be  one  third  greater  than  with 
'  the  lesser  load.     The  value  of  a  should  always  be  assigned 
higher  than  the  figures  of  the  table,  which  show  it  at  its 
least  value ;  but  just  how  much  higher  must  depend  upon 
the  firmness  required  and  the  conditions  of  each  particular 
case. 

124. — Breadth  of  Beam  with  Safe  Iioad. — By  a  simple 
transposition  of  the  factors  in  equation  (20.),  we  obtain — 

b  -  -^T^  (21.) 

a  rule  for  the  breadth  of  the  beam. 

Therefore,  to  ascertain  what  should  be  the  breadth  of  a 
beam  of  given  depth  and  length  to  safely  sustain  at  the 
middle  a  given  weight,  we  have — 

Rule  XVII. — Multiply  the  given  weight  in  pounds  by 
the  factor  of  safety,  and  by  the  length  in  feet,  and  divide  the 
product  by  the  square  of  the  depth  multiplied  by  the  value 
of  B  for  the  material  in  the  beam,  in  Table  III. ;  the  quotient 
will  be  the  required  breadth. 

Example. — What  should  be  the  breadth  of  a  white-pine 
beam  8  inches  deep  and  10  feet  long  between  bearings  to 
sustain  safely  2400  pounds  at  the  middle  ?  For  white  pine 
the  value  of  B,  in  Table  III.,  is  500.  Taking  the  value  of  a 
at  4,  and  proceeding  by  the  rule,  we  have  2400  X4x  10  = 
96000:  this  divided  by  (8*  x  500  =)  32000  gives  a  quotient 
of  3,  the  required  breadth  of  the  beam. 

125. — Depth  of  Beam  with. Safe  Load. — A  transposition 
of  the  factors  in  equation  (21.),  and  marking  it  for  extraction 
of  the  square  root,  gives — 


^      a/^Val  t^^  V 

d=S/-^.  (22.) 

a  rule  for  the  depth  of  a  beam.  Therefore,  to  ascertain  what 
should  be  the  depth  of  a  beam  of  given  breadth  and  length 
to  safely  sustain  a  given  weight  at  the  middle,  we  have —   . 


?«/r  XVIll. — Multiply  the  ^iven  weight  bv  tne  factor  of 
safety,  and  by  the  Icnj^th  in  feet ;  divide  the  i>roduct  by  the 
product  of  the  breadth  into  the  value  of  B  for  the  kind  of 
wood,  Table  II L  :  then  the  square  root  of  the  quotient  will 
be  the  required  depth. 

Example. — What  should  be  the  depth  of  a  spruce  beam 
S  inches  broad  and  lofeet  long  between  bearings  to  sustain 
safely,  at  middle,  4500  pounds?  The  value  of  ^  from  the  table 
15550;  taking  a  at  4.  and  proceeding  by  the  rule,  we  have 
4500X4X  15  =  27CX>co:  this  divided  by  (550x5=)  2jn 
gives  a  quotient  of  98- 18,  the  square  root  of  which  is  9-909, 
the  required  depth  of  the  beam.  The  beam  should  be  5  x  10 
inches. 

126. — Safe  Load  at  aay  Point. — When  the  load  is  at  the 
middle  of  a  beam  it  exerts  the  greatest  possible  strain  ;  at 
any  other  point  the  strain  would  be  less.  The  strain  de- 
creases gradually  as  it  approaches  one  of  the  bearings,  and 
when  arrived  at  the  bearing  its  effect  upo.i  the  beam  as  a 
cross-strain  is  zero.  The  effect  of  a  weight  upon  a  beam  is 
in  proportion  to  its  distance  from  one  of  the  bearings,  mul- 
tiplied by  tJie  portion  of  the  load  borne  by  that  bearing. 

The  load  upon  a  beam  is  divided  upon  tlie  two  bearings, 
a%  shown  at  Art.  88.  The  weight  which  is  required  to  rup- 
ture a  beam  is  in  proportion  to  the  breadth  and  square  of 
the  depth,  b  d*,  as  before  shown,  and  also  in  proportion  to 
the  length  divided  by  4  times  the  rectangle  of  the  two  parts 

into  which  the  load  divides  the  length,  or (see  Ft^:  35). 

This,    when   the   load    is  at   the    middle,    may    be   put    as 

— -— =  -J-,  a  result  coinciding  with  the  relation  before 

4x|/x^// 

given  in  Ar/.  122,  v\z.  :  "The  resistance  is  inversely  in  pro- 
portion to  the  length."     The  total  resistance,  therefore,  put- 

ting  the  two  statements  together,  is  in  proportion  to . 

There  are,   therefore,  these  two  ratios,  viz.,   \V: and 

4  /;/  « 

j5  ;  1,  from  which  we  have  the  proportion — 


io6 
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B:  I 
from  which  we  have — 


IV: 


bd'l 


BbdU 


4fn  H 


This  is  the  relation  at  the   point  of  rupture,  and  when  — is 

a 

used   instead  of   B,  the   expression    gives  the   safe  weight- 
Therefore — 


,,,      BbdU 
4  a  m  n 


(24-) 


is  an  expression  for  the  safe  weif^ht.  Now,  to  ascertain  the 
weig-ht  which  may  be  safely'  borne  by  a  beam  at  any  point 
in  its  length,  we  have— 

AWr  XIX.  —  Multiply  the  breadth  by  the  square  of  the 
depth,  by  the  length  in  feet,  and  by  the  value  of  B  for  the 
material  of  the  beam,  in  Table  HI.  ;  divide  the  pnDduct  by 
the  product  of  four  times  the  factor  of  saletv  into  the  rec- 
tangle of  the  two  parts  into  which  the  centre  of  gravity  of 
the  weight  divides  the  beam,  and  the  quotient  will  be  th* 
required  weight  in  pounds. 

Exampif. — What  weight  may  be  safely  sustained  at  3  feet 
from  one  end  of  a  Georgia-pine  beam  which  is  4  x  10  inches, 
and   20  feet  long?     The  value  of  B  for   Georgia  pine 
Table  III.,  is  850:  therefore,  by  the  rule,  4  x  10'  <  20  x  Sj 
6800000.       Taking    the    factor    of    safety   at   4,    we    h: 
4x4x3x17  =  816.     Using  this  as  a  divisor  with  which  to 
divide  the  former   product,   we    have   as   a   quotient   8 
pounds,  the  required  weight. 


:ne5, 
•h  to^ 


127. — Breudtli   or  De|illi :    Lniid  at    uuy    Point. — By 

proper  transposition  of  the  factors  of  (24.)  we  obtain — 


bd'  =. 


^W 


Bl 


an  expression  showing  the  product  of  the  breadth  into 
square  of   the  depth ;  hence,  to   ascertain    the    breadth  or 
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depth  <ii  a  beam  lo  sustain  safely  a  g^ivcn  weight  located  at 
anr  point  nn  tiic  beam.  \vc  have — 

^»/<f  XX.— Multiply  four  times  the  given  weight  by  the 
factor  of  safety,  and  by  the  rectangle  of  the  two  parts  into 
w'  '  load  divides  the  length;  divide  the  product  bv 
t:  lit  of  the  length  into  the  value  ot  /?  for  the  mate- 

rial of  the  beam,  found  in  Table  III.,  and  the  quotient  will  be 
[uat  to  the  product  of  the  breadth  into  the  square  of  the 
fpth.     Now,  to  obtain  the  breadth,  divide  this  product  by 
square  of  the  depth,  and  the  quotient  will  be  the  required 
idi.     But  if,  instead  of  the   breadth,  the  depth  be  de- 
.1.  divide  the  said   product  by  the  breadth;    th^n    tin- 
square  root  of  the  quotient  will  be  the  required  dcptl 

Example. —  What  slu)uld  be  the  breadth  (the  depth  being 

*'  "f  a  white-pine  beam   12  feet  long  to  sat'cly  sustain  3500 

is  at  3  feet  from  one  end?     Also,  what  should  be  its 

dc^'lh  when  the  breadth  is  3  inches?     By  the  rule,  taking 

llic  factor   of  safety  at  4,  4  x  3500  x  4  x  3  x  9  =  1512000. 

The  value  of  B  for  white  pine,  in  Table  III.,  is  500 ;  there 

fore,  500  X  13  =  6000;  with  this  as  divisor,  dividing  \1\2coo, 

\h-         •■^nl  is  252,     Now,  to  obtain  the  breadth  when  the 

di  .252  divided  by  ^8  x  8  =164  gives  a  quotient  of 

3*9375«  ^^^  required  breadth  ;  or  the  beam  may  be,  say.  4  <  8. 

A:  '       'he  breadth  is  3  inches,  wc  have  for  the  quotient 

oi  i  by  3  =  84,  and  the  square  root  of  84  is  9- 165, 

Ar  9I  inchesi*    For  this  case,  therefore,  the  beam  should  be, 

say.  3  <  9i  inches. 

128.— Weichi  rnlfomilr  DMributed.— When  the  load  is 
Spread  out  uniformly  over  the  length  of  a  beam,  the  l>eani 
will  require  just  twice  the  weight  to  break  it  that  would  be 
required  if  the  weight  were  concentrated   at  the  centre. 

[I 
Therefore,  wc  have  VV—  — ,  where    U  represents  the  dis- 


tributed 


or — 


substituting  this  value  of   IV  in  equation 


V      Bbd* 


2  Bifd^ 
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Therefore,  tn  ascertain  the  weight  which  may  be  saieiy  sut 
tained,  when  iinifornily  distributed  over  the  length  ul  a 
beam,  we  have — 

J^u/t-  XXL— Multiply  twice  the  breadth  by  the  square  of 
the  depth,  and  by  the  value  of  J>  lor  the  material  of  the 
beam,  in  Table  III.,  and  divide  the  product  by  the  product 
of  the  length  in  feet  by  the  factor  of  safety,  and  the  quotient 
will  be  the  requireil  weight  in  pounds. 

ijavr/«//r.— What  weight  uniff»rmly  distributed  may  be 
safely  sustained  upon  a  hemlock  beam  4x9  inches,  and  JO 
feet  long?  The  value  of  B  for  hemlock,  in  Table  ill.,  is 
450 ;  therefore,  by  the  rule,  2  x  4  x  9'  x  450  =  291600.  Tak- 
ing the  factor  of  safety  at  4,  wc  have  4  x  20  =  80,  the  pro- 
duct by  which  the  former  product  is  to  be  divided.  This 
division  produces  a  quotient  uf  3645,  the  required  weight. 

129.— Breadth  or  Depth  :  Load  Uiiirorml)  DUtrlbuted.- 

By  a  proper  transposition  of  factors  in  (26.),  wc  obtain — 


de/'  = 


'2B' 


(27.) 


? 


an  expression  giving  the  value  of  the  breadth  into  the  square 
of  the  depth.     From  this,  therefore,  to  ascertain  the  breadth 
or  the  depth  of  a  beam  to  sustain  safely  a  given  weight  u 
formly  distributed  over  the  length  of  a  beam,  we  have — 

Rn//  XXII. — Multiply  the  given  weiglit  by  the  factor 
safety,  and  by  the  length ;  divide  the  product  bv  the  pro- 
duct of  twice  the  value  of  /?  for  the  material  of  the  beam, 
in  Table  III.,  and  the  quotient  will  be  equal  to  the  breadth 
into  the  square  of  the  depth.  Now,  to  find  the  breadth, 
divide  the  said  quotient  by  the  square  of  the  depth  :  but  if. 
instead  of  the  l>readth,  the  depth  be  required,  then  divide 
said  quotient  by  the  breadth,  and  tlic  square  root  of  this 
quotient  will  be  the  required  depth. 

Exttmpli\ — What  should  be  the  size  of  a  white  pine  beam  20 
feet  long  to  sustain  safely  10,000  pounds  uniformly  distributed 
over  its  length?  The  value  of />  for  white  pine,  in  Table  1 
is  500.     Let  the  factor  of  safety  be  taken  at  4.    Then,  by 
rule,    loooo  x  4  x  20  =  800000;    this  divided    by  (2  x  500^ 


I  ted   |. 

1^ 


WKi(;frr  per  beam  in  floors. 

lo  ■  "  n  quotient  of  800.  Now,  if  the  depth  be  fixed  at 
12,  :..,  .  iiic  said  quotient,  8cx),  divided  by  (12  •  12=)  144 
fives  5f,  the  required  breadth  of  beam  ;  and  the  l>eam  may 
be.  say,  5  J  x  13.  Again,  if  the  breadth  is  fixed,  say,  at  6,  and 
ihc  depth  is  required,  then  the  said  quotient,  8co,  divided  by 
6gives  133]^.  the  square  root  of  which,  ii- 55.  is  the  required 
depth-  The  beam  in  this  case  should  therefore  be,  say, 
6\nl  inches.  * 

130. — Load  per  Foot  Superflclol. — When  several  beams 
lit  laid  in  a  tier,  placed  at  equal  distances  apart,  as  in  a  tier 
of  floor-beams,  it  is  desirable  to  know  what  should  be  their 
size  in  order  to  sustain  a  load  equally  distributed  over  the 
floor. 

If  the  distance  apart  at  which  they  are  placed,  measured 
from  the  centres  of  the  beams,  be  multiplied  by  the  length 
of  the  beams  between  bearings,  the  product  will  equal  the 
area  of  the  floor  sustained  by  one  beam  ;  and  if  this  area  be 
multiplied  bv  the  weight  upon  a  superficial  foot  of  the  fl<x>r, 
the  product  will  equal  the  totid  load  uniformly  distributed 
*>ver  the  IcnjEfth  of  the  beam  ;  or,  if  <-  be  put  to  represent  the 
distance  apart  between  the  centres  of  the  beams  in  feet,  and 
^represent  the  length  in  feet  of  the  beam  between  bearings, 
^_od/  equal  the  pounds  per  superficial  foot  on  the  floor, 
the  pr<xluct  of  these*  or  c//,  will  represent  the  uni- 

ily  distributed  load  on  a  beam  ;  but  this  load  was  before 
[presented  by  C  {Jrf,  128);  therefore,  we  have  «//=  C\ 

ihcy  may  be  substituted  for  it  in  (26.)  and  (27.).  Thus 
ve — 


cflal 
2B   • 


bii*  = 


(28.) 


rcfore,    tfi  ascertain  the  size  of  floor-beams  to  susUdn 
ly  a  given  load  per  superficial  fool,  we  have — 
A«/(rXXIIt. — Multiply  the  given  weight  per  superficial 

by  the  factor  of  safety,  by  the  distance  between  the 
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centres  of  the  beams  in  feet,  and  by  the  square  of  the  Icn^tli 
in  feet;  divide  the  product  by  twice  the  value  of  B  for  ibc 
material  of  the  beams,  in  Table  III.,  and  the  quotient  will  be 
equal  to  the  breadth  into  the  square  of  the  depth.  Now,  to 
obtain  llie  breadth,  divide  said  quotient  by  the  square  of  the 
depth,  and  this  quotient  will  be  the  required  breadth.  But 
if,  instead  of  the  breadth,  the  depth  be  required,  divide  the 
aforesaid  quotient  by  the  breadth  ;  then  the  square  root  of 
this  quotient  will  be  the  required  depth. 

Exantplc. — What  should  be  the  size  of  white-pine  floor- 
beams  20  feet  long,  placed  16  inches  from  centres,  to  sustain 
safely  90  pounds  per  superficial  foot,  including  the  weig^lit 
of  the  materials  of  construction— the  beams,  flooring,  plas- 
tering, etc.?     The  value  of  B  for  white  pine   is   500:  the 
factor  i)f  safety  may  be  put  at  5.     Then,  by  the  rule,  we 
have    90  X  5  X  ^f  X  20*  =  240000.      This  divided  by  (2  x  500 
=)  1000  gives  240-     Now,  for  the  breadth,  if  the  depth  be 
fixed  at  9  inches,   then  240  divided   by  (9'  ==  )   81   gives  a 
quotient  of  2-963.     The    beams  therefore   should   be,  jayr 
3x9.     But  if  the  breadth  be  fixed,  say,  at  2-5  inches,  then 
240  divided  by  2-5  gives  a  quotient  of  96,  the  square  root  of 
which  is  9-8  nearly.     The  beams  in  this  case  would  require 
therefore  to  be,  say,  2\  x  10  inches. 

N.  B. — It  is  well  to  observe  that  the  question  decided 
by  Rule  XXII.  is  simply  that  of  strength  only.  FlfHir-beains 
computed  by  it  will  be  quite  safe  against  rupture,  but  ihcv 
will  in  most  cases  deflect  much  more  than  would  be  consist- 
ent witli  their  good  appearance.  Floor-beams  should  be 
computed  by  the  rules  which  include  the  effect  of  deflection. 
(.See  Art.  152.) 


131. — Levers:  lioad  at  On©  End.— The  beams  so  far 
sidered  as  being  exposed  to  transverse  strains  have  bee 
supposed  to  be  supported  at  each  end.  When  a  piece  is 
held  firmly  at  one  end  only,  and  loaded  at  the  other,  it  is 
termed  a  lever  ;  and  the  load  which  a  piece  so  held  and 
loaded  will  sustain  is  ctjuai  to  one  fourth  that  which  thj 
same  piece  would  sustain  if  it  were  supported  at  each 
and  loaded  at  the  middle.     Or,  the  strain  in  a  beam  sup^ 
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nr 


ported  3t  each  end  caused  by  a  given  weight  located  at  tljc 

initidic  is  equal   to  that  in  a  lever  of  the  same  breadth  and 

^ptli,  when  the  length  of  the  latter  is  equal  to  one  half  that 

«!  the  beam,  and  the  load  at  its  end  is  equal  to  one  half  of 

at  the  middle  of  the  beam.     Or,  when  /'represents  the 

»d  at  the  end  of  the  lever,  and  «  its  Icn^h,  then  If*=  2  /*, 

and/=2rt.     Substituting  these  values  of   /i'and  /  in  equa- 

tkia  («).),  we  have— 


sh— 


2P  = 


P  = 


Bbdl 
2  a  n* 

Bbd* 
4a n  ' 


(29) 


Hence,  to  ascertain  the  weight   which  may  be  safely  sus- 
tUned  at  the  end  of  a  lever,  we  have — 

/ifKA-XXIV.— Multiply  the  breadth  of  the  lever  by  the 

^Uarc  of  its  depth,  and   by  the  value  of  B  for  the  material 

'>f  ihc  lever,  in  Table  III. ;  divide  the  product  by  the  pro- 

<luct  of  four  times  the  length  in  feet  into  the  factor  of  safety, 

and  t'  '  ttit  will  be  the  required  weight  in  pounds. 

h:  What   weight  can    be  safely  sustained  at  the 

of  a  maple  lever  of  which  the  breadth  is  2  inches,  the 

is  4  inches,  and  the  length  is  6  feet  ?     The  value  of  />' 

Ib^  ttaplct  m  Table  III.,  is   1  ioo,   therefore,  by  the  rule, 

JtkVx  1 100  =  35200.     And,  taking  the  factor  of  safety  at  5, 

4^5x6  =  120,  and  35200 divided  by  120 gives  a  quotient  of 

*93'53.  *»«•  -93*  pounds. 

N.  B- — When  a  lever  is  loaded  with  a  weight  uniformly 
d  '\  over  its  length,  it  will  sustain  just  twice  the  load 

iki-.u.  '"•  sustained  at  the  end. 

132*      iavrr*:  Brcndtfa  or  Depth. — By  a  proper  trans- 
position of  the  factors  in  (29. K  \vc  obtain — 


bd   -—^, 


(30.) 


Hence,  to  ascertain  the  breadth  or  depth  of  a  lever  to  sus- 
taaxk  afeijT  a  given  weight,  wc  have — 


J 


1*12 
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Rule  XXV. — Multiply  four  times  the  given  weight  by 
the  length  of  the  lever,  and  by  the  factor  of  safety ;  divide 
the  product  by  the  value  of  B  for  the  material  of  the  lever, 
in  Table  III.,  and  the  quotient  will  be  equal  to  the  breadth 
multiplied  by  the  square  of  the  depth.  Now,  if  the  breadth 
be  required,  divide  said  quotient  by  the  square  of  the  depth, 
and  this  quotient  will  be  the  required  breadth ;  but  if, 
instead  of  the  breadth,  the  depth  be  required,  divide  the 
said  quotient  by  the  breadth  ;  then  the  square  root  of  ihi 
quotient  will  be  the  required  depth. 

Example, — What  should  be  the  size  of  a  cherry  lever 
feet  long  to  sustain  safely  250  pounds  at  its  end?  Proce 
ing  by  the  rule,  taking  the  factor  of  safety  at  5,  we  ha' 
4  X  250  X  5  y  5  =  25000.  The  value  of  B  for  cherrv.  in  Tabl^ 
III.,  is  650;  and  25000  divided  by  650  gives  a  quotient  of 
38 -46.  Now,  if  the  depth  be  fixed  at  4,  then  38-46  divided 
by  (4x4  =^)  16  gives  a  quotient  of  2*4,  the  required  breadlb. 
But  if  the  breadth  be  fixed  at  2,  then  38-46  divided  by 2 
gives  a  quotient  of  19-23,  the  square  root  of  which  is  4-3S» 
the  required  depth.  Therefore,  the  lever  may  be  2-4x4, 
or  2  X  4f  inches. 

133.— I>cfle<'ilon :  Relaitnn  to  Weight. — When  a  load  is 
placed  upon  a  beam  supported  at  each  end,  the  beam  bends 
more  or  less;  the  distance  that  the  beam  descends  under 
the  operation  of  the  load,  measured  at  the  middle  of  its 
length,  is  termed   its  deflection.     In  an   investigation  of  the 
laws  of  deticction  it  has  been  demonstrated,  and  experiments 
have  confirmed  it,  that  while  the  elasticity  of  the  material 
remains  uninjured  by  the  pressure,  or  is   injured  in  but  a 
small  degree,  the  amount  of  deflection  is  directly  in  propor- 
tion to  the  weight  producing  it ;  for  example,  if  1000  pounds 
laid  upon  a  beam  is  found  to  cause  it  to  deflect  or  descend  at 
the  middle  a  quarter  of  an  inch,  then  3000  pounds  will  cause 
it  to  deflect  half  an  inch,  3000  pounds  will  deflect  it  three 
fourths  of  an  inch,  and  so  on. 


4 


I34>.— Deflerlion  :    Rcliiilon  lo  Dinicniloii)!. — In    Tabic 
HI.  are  recorded  the  results  of  experiments  made  to  test 


the  materials  named  to  deflection.  The  fig- 
"ttrciin  the  third  column  designated  by  the  letter  /^(for  flex- 
ure) show  the  number  of  pounds  required  to  deflect  a  unit 
of  malerial  one  inch.  This  is  an  extreme  state  of  the  case, 
for  Ml  most  kinds  of  material  this  amount  of  depression 
would  exceed  the  limits  of  elasticity  ;  and  hence  llie  rule 
would  here  fail  to  give  the  correct  relation  as  between  the 
'  r.sions  and  pressure.  For  the  law  of  deflection  as  above 
I  (the  deflections  being  in  proportion  to  the  weights) 
is  true  only  while  the  depressions  are  small  in  comparison 
with  tl  '  \)x.  Nothing  useful  is,  therefore,  derived  from 
this  I'  of  the  question,  except  to  give  an  idea  of  the 

nature  of  the  quantity  represented  by  the   constant  F:  it 
being  in  reality  an  index  of  the  stiffness  of  the  kind  of  mate- 
rial used  in  comparing  one  malerial  with  another.    Whatever 
lie  the  dimensions  of  the  beam,  F  will  always  be  the  same 
ity  for  the  same  material ;  but  among  various  materials 
i!  vary  according  to  the  flexibility  or  stiffness  of  each 
particular  material.     For  example,  F  will  be  much  greater 
for  iron  than  for  wood  ;  and  again,  among  the  various  kinds 
of  wood.  It  will  be  larger  for  the  stiff  woods  than  for  those 
tfiat  arc  flexible.     The  value  of  /%  therefore,  is  the  weight 

which  would  deflect  the  unit  of  material  one  inch,  upon  the 
ipposition  that  the  deflections,  from  zero  to  the  depth  of 
inch,  continue  regularly  in  proportion  to  the  increments 

of  weight  producing  the  deflections,  or,  for  each  deflection — 


Ft  i:'.lV:d, 


from  which  wc  have — 


\V=Fd\  or,  F  = 


W 


"RT^' "  -  '    '  ••nls  the  deflection  in  inches  corresponding 

In  ^    i  producing  it.     This  is  for  the  tinit  of  ma- 

ler^Li  For  beams  of  larger  dimensions,  investigations  have 
iKown  ( TVrtW.fr't'nv  .SVr<j/W,  Chapters  XI 1 1,  and  XI  Vj  that 
the  power  of  a  beam  to  resist  deflection  by  a  weight  at  mid- 
dle is  in  proportion  to  its  breadth  and  the  cube  of  its  depth, 
and  it  is  inversely  in  proportion  to  the  cube  of  the  length ; 


^-^    *'-  -* 
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or,  when  the  resistance  of  the  unit  of  material  is  measured, 

W 
as  above,  by  — ,  we  have  the  relation  between  it  and    a 

larger  beam  of — 

W  .  dd* 

6  '   r  ' 

Putting  this  ratio  in  a  proportion  with  that  of  the  unit  of 
material,  we  have — 

W      bd* 
F  :  I  : :  ^  :  -p-. 

which  gives — 

W      Fbd* 

6  ~    r    ' 
from  which  we  have — 

^^-—[T—  (31.) 

135. — Deflection  :  Weight  when  at  Middle. — In  equation. 
(31.)  we  have  a  rule  by  which  to  ascertain  what  weight  is 
required  to  deflect  a  given  beam  to  a  given  depth  of  deflec- 
tion ;  this,  in  words  at  length,  is — 

Rule  XXVI.— Multiply  the  breadth  of  the  beam  by  the 
cube  of  its  depth,  and  by  the  given  deflection,  all  in  inches, 
and  by  the  value  of  F  for  the  material  of  the  beam,  in  Table 
III.;  divide  the  product  by  the  cube  of  the  length  in  feet, 
and  the  quotient  will  be  the  required  weight  in  pounds. 

Example. — What  weight  is  required  at  the  middle  of  a 
4x12  inch  Georgia-pine  beam  20  feet  long  to  deflect  it 
three  quarters  of  an  inch  ?  The  value  of  F  for  Georgia 
pine,  in  Table  III.,  is  5900;  therefore,  by  the  rule,  we  have 
4 X  12*  X 0-75  X  5900=  30585600,  which  divided  by  (20x20 
X  20  =)  8000  gives  a  quotient  of  3823-2,  the  required  weight 
in  pounds. 

136.— Deflection:  Breadth  or  Depth,  Weight  at  Hlddie. 

— By  a  transposition  of  equation  (31.),  we  obtain — 

*^'  =  -^.  (32.) 


SIZE  FOR  A  GIVEN  DEFLECTION. 


ule  by  which  may  be  found  the  breadth  or  depth  of  a 
Lm,  with  a  given  load  at  middle  antl  with  a  given  deflec- 
ti;  this,  in  words  at  length,  is — 

Rule  XXV'II. — Multiply  the  given  toad  by  the  cube  of 
'  length  in  feet,  and  divide  the  product  by  the  product  of 
!  deflection  into  the  value  of  F  for  the  material  of  the 
un,  in  Table  111.;  then  the  quotient  will  be  equal  to  the 
^adth  of  the  beam  multiplied  by  the  cube  of  its  depth, 
th  in  inches. 

Now,  to  obtain  the  breadth,  divide  the  said  quotient  by 
:  cube  of  the  depth,  and  this  quotient  will  be  the  required 
:adth.  But  if,  instead  of  the  breadth^  the  depth  be  re- 
ired,  then  divide  the  said  quotient  by  the  breadth,  anrl 
;  cube  root  of  this  quotient  will  be  the  required  depth. 
I  if  neither  breadth  nor  depth  be  previouslv  fixed,  but  it 
required  that  they  bear  a  certain  proportion  to  each 
ler;  such  that  d  :  ft  r.  i  :  r,  r  being  a  decimal,  then  /'  =  r  </, 
Ihti*  —  nV  ;  then,  to  find  the  depth,  divide  the  afuresaid 
rtient  by  the  decimal  r,  and  the  fourth  root  (or  the  square 
it  of  the  square  root)  will  be  the  required  de|)th.  and  this 
Iliplied  by  the  decimal  r  will  give  the  breadth, 
Exaviplc. — What  should  be  the  si/e  of  a  sjjruce  beam  20 
:  long  between  bearings,  sustaining  2000  pounds  at  the 
Idle,  with  a  deflection  of  one  inch?  By  the  rule,  the 
ght  into  the  cube  of  the  length  is  2000  ••  8000  =  16000000. 
;  value  of  Fiox  spruce,  in  Table  III.,  is  3500;  this  by  the 
ection  =  i  gives  3500,  which  used  as  a  divisor  in  divid- 
the  above  16000000  gives  a  quotient  of  4571  -43.  Now, 
tie  breadth  be  required,  the  depth  being  fixed,  say,  at  10, 
1  4571  -43  divided  by  (10  x  10  x  10  =)  1000  gives  4-  '^J,  the 
jired  breadth.  The  beam  should  be,  say,  4^  by  10  inches, 
if  the  depth  be  required,  the  breadth  being  fixed,  say,  at 
»cn  4571-43  divided  by  4  gives  1142-86,  the  cube  root 
vhich  is  10-46;  so  in  this  case,  therefore,  the  beam  is 
jircd  to  be  4  K  10^  inches.  Again,  if  the  breadth  is  to 
r  a  certain  proportion  to  the  depth,  or  that  the  ratio  be- 
en them  is  to  be.  say,  o- 6  to  i,  then  let  r  =  0-6,  and  then 
[-43  =  0-6//',  and  dividing  by  o-6,  we  have  761905 
'.    This  equals  </*  x  </' ;  therefore  the  square  root  of  7619 


ii6 
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is  87-29.  and  the  square  root  of  this  is  9-343,  the  rcquir 
depth  in  inches.     Now  9-343 /<o-6  equals  the  breadth, 
9.343  ko-6  =  5-6 ;    therefore  the   beam   is  required  to  be_ 
5  '6  X  9-  34  inches,  or,  say,  5^  x  9I  inches. 


137, ^Deflection  ;  wlieit  W^cigtal  i»  at  Middle. 

position  of  the  factors  in  {32.),  we  obtain — 


d  = 


IV  r 

Fbd' 


-Byatra 


(33.) 


a  rule  by  which  the  deflection  of  any  gfiven  beam  may  be 
certaiiied, and  which,  in  words  at  length,  is — 

Rule  XXVIII. — Multiply  the  given  weight  by  the  culw 
of  the  length  in  feet;  divide  the  product  by  the  product ol 
the  breadth  into  the  cube  of  the  depth  in  inches,  multiplicti 
by  the  value  of  F  {or  the  material  of  the  beam,  in  Tabic  Ht. 
and  the  quotient  will  be  the  required  deflection  in  inches. 

Example. — To  what  depth  will  1000  pounds  deflect  a 
3x10  inch  white -pine  beam  20  feet  long,  the  weight  being 
at  the  middle  of  the  beam  ?  By  the  rule,  we  have  1000  •^20' 
=  8000000;  then,  since  the  value  of  F  for  white  pine,  in 
Table  HI.,  is  2900,  we  have  3  x  lo'  x  2900  =  8700000:  using 
this  product  as  a  divistir  and  by  it  dividing  the  former  pi'>- 
duct,  we  obtain  a  quotient  of  0.9195,  the  required  deflcctio^ 
in  inches. 

138. — Deflection  :  Load  Uniformly  DKtHbutcd. — In  twO 

beams  of  equal  capacity,  suppose  the  one  loaded  at  the 
middle,  and  the  other  with  its  load  uniformly  distributed 
over  its  length,  and  so  loaded  that  the  deflection  in  one  bcim 
shall  equal  that  in  the  other  ;  then  the  weight  at  the  middle 
of  the  former  beam  will  he  equal  tn  five  eighths  of  that  on 
the  latter.  This  proportion  between  the  two  has  been  de- 
monstrated by  writers  on  the  strength  of  materials.  (See  p. 
484,  Mechanics  of  Eng.  and  Arch.,  by  Prof.  Mosely,  Am.  cd.  by 
Prof.  Mahan,  1856,)  Hence,  when  6^  is  put  to  represent  the 
uniformly  distributed  load,  we  have — 


W=%U\ 


r,  when  an  equally  distributed  load  deflects  a  beam  to  a 
certain  depth,  five  eighths  of  that  load,  if  concentrated  at 
the  middle,  would  cause  an  equal  deflection.  This  value  of 
li'  may  therefore  be  substituted  for  it  in  equation  (31.),  and 
give— 

from  which  we  obtain — 


/3 


U  = 


\'6Fbd'd 


/• 


(34.) 


a  rule  for  a  imiformly  distributed  load. 


139. — Deflection:   Weight  when  UnirormI}    DKlribuled. 

— In  equation  (34.)  we  have  a  rule  by  which  we  may  ascertain 
what  weight  is  required  to  deflect  to  a  given  depth  any 
g-iven  beam.     This,  in  words  at  length,  is — 

Rule  XXIX. — Multiply  i-6  times  the  deflection  by  the 
breadth  of  the  beam,  and  by  the  cube  of  its  depth,  all  in 
inches,  and  by  the  value  of  F  [^^r  the  material  of  the  beam, 
in  Table  III.;  divide  the  product  by  the  cube  of  the  length 
In  feet,  and  the  quotient  will  be  the  required  weight  in 
pounds. 

Example. — What  weight,  uniformly  distributed  over  the 
length  of  a  spruce  beam,  will  be  required  to  deflect  it  to  the 
depth  ot  0-5  o!  an  mch,  the  beam  being  3  y  10  inches  and  10 
feet  long?  The  value  of  F \ot  spruce,  in  Table  III.,  is  3500. 
Therefore,  by  the  rule,  we  have  j  •6xO'5  x  3  ><  10^  x  3500  = 
8400000,  and  this  divided  by  (ioxioxio=)  1000  gives 
8400.  the  required  weight  in  pounds. 

14-0. —  Deflection:  Breadtli  or  Depth,  Load  Uniformly 
Distriboled. — By  transposition  of  tine  factors  in  equation 
(34.),  we  obtain — 

*''■  =T^d  •  ^"-^ 

lie  for  the  dimensions,  which,  in  words  at  length,  is — 
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Ruif  XXX. — Multiply   the  given  weight  bv  the  cube  of 
the  length  of  the  beam  ;  divide  the  product  by  i  -6  times  the 
given  dellcction  in  inches,  multiplied  by  the  value  of  F  (or 
the  material  of  the  beam,  in  Table  111.,  and  the  quotient  will 
equal  the  breadth  into  the  cube  of  the  depth.     Now,  h)  nl> 
tain  the  breadth,  divide  this  quotient  by  the  cube  of  the  depth, 
and  the  resulting  quotient  will  be  the  required   breadth  in 
inches.     But  if.  instead  of  the  breadth,  the  depth  be  required, 
then   divide  the  aforesaid   quotient  by  the  breadth,  and  the 
cube  root  of  the  resulting  quotient  will  be  ihc  required  depth 
in  inches.     Agani,  if  neither  breadth  nor  depth  be  jjreviously 
determined,  but  to  be  in  proportion  to  each  other  at  a  given 
ratio,  as  r  to  \,r  being  a  decimal  fi.xcd  at  jileasure,  then  di- 
vide the  aforesaid  quotient  by  the  value  of  r,  and  lake  the 
square  root  of  the  quotient ;  then   the  square  root  of  this 
square  root  will  be  the  required  depth  in  inches.    The  breadth 
will   equal  the  depth   multiplied   by  the  value  of  the  dcci^J 
nial  r.  ^| 

Example. — What  should  be  the  size  of  a  locust  beam  lO 
feet  long  which   is  to  be  loaded  with   6000  pountls  equally 
distributed  over  the  length,  and  with  which  the  beam  is  to 
be  deflected  f  of  an  inch  ?    The  value  of  F  for  locust,  in 
Table  111.,  is  5050.    By  therule,  wehave6ooox(io  v  lox  10=) 
1000  =  6000000.  which  is  to  be  divided  by(i-6xo-75>  5050=) 
6060,  giving  a  quotient  of  990- 1,     Now,  if  the  depth  be,  say, 
6  inches,  then  990- 1  divided  by  (6x6x6  =)  216  gives  a  quo- 
tient of  4-584,  the  required  breadth  in  inches,  say  4^.     But 
if  the  breadth  be  assumed  at  4  inches,  then  990- 1  divided  by 
4  gives  a  quotient  of  247- 525,  the  cube  root  of  which  is  6-279, 
the  required  depth  in  inches,  or,  say,  6^.     And,  again,  if  the 
ratio  between  the  breadth  and  depth  be  as  o-  7  to  i ,  then  990- 1 
dividcil  by  0-7  gives  a  quotient  of   1414-43,  the  square  root 
of  which  is  37-609,  of  which  the  square  root  is  6- 1326,  the 
required  depth  in  inches,  or,  say,  61- ;  and  then  6- 1326  x  0-7  = 
4'293,  ihe  required  breadth   in  inches;  or,  the  beam  should 
be  4^5  y-  6^  inches. 


141. 

-Bv  a 


— Deflertlnn  :  ivlien  IVefsiii  Im  riiir€»rmly  DiHiribuK 

transposition  of  the  factors  of  equation  (35.),  we 


tain- 
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6  = 


Ul- 


\'6FbiV' 


(36.) 


a  result  nearly  the  same  as  that  in  equation  (33.),  which  is  a 
rule  for  deflection  by  a  weight  at  middle,  and  which  by 
slij^ht  modifications  may  be  used  for  deflection  by  an  equally 
distributed  load.     Thus  by — 

Rule  XXXL— Proceed  as  directed  in  Rule  XXVIIL(/ir/. 
137),  usin^  the  equally  distributed  weight  instead  of  a  con- 
centrated weight,  and  then  divitle  the  result  there  obtained 
for  deflection  by  i-6;  then  the  quotient  will  be  the  required 
deflection  in  inches. 

Exatnpk. — Taking  the  example  given  under  Rule 
XXVIII.,  \nArt.  137,  and  assuming  thatthc  1000  pounds  luad 
with  which  the  beam  is  loaded  be  equally  distributed,  then 
0'9I9$,  the  result  for  deflection  as  there  found,  divided  by  i  -6, 
as  by  the  above  rule,  gives  0-5747,  the  required  deflection. 
This  result  is  just  five  eighths  of  0-9195,  the  deflection  by  the 
load  at- middle. 

N.B. — The  deflection  by  a  uniformly  distributed  load  is 
just  five  eighths  of  that  produced  by  the  same  load  when 
concentrated  at  the  middle  of  the  beam:  therefore,  five 
eighths  of  the  deflection  obtained  by  Rule  XXVIII.  will  be 
the  deflection  of  the  same  beani  when  the  same  weight  is 
uniformly  distributed. 

142. — »ffl<»eiloii  of  L.evcni. — The  deflection  of  a  lever  is 
the  same  as  that  of  a  beam  of  the  same  breadth  and  depth, 
but  of  twice  the  length,  and  loaded  at  the  middle  with  a  load 
equal  to  twice  that  which  is  at  the  end  of  the  lever.  There- 
fore, if  /'represents  the  weight  at  the  end  of  a  lever,  and  « 
the  length  of  the  lever  in  feet,  then  2  P—  H'and  2  /i  =  /,  and 
if  these  values  of  li'^and  /be  substituted  for  those  in  equa- 
tion (33.).  we  obtain— 

2  Px2n* 


tf  = 


Fbd' 


which  reduces  to— 


6  = 


\6Ph* 
Fbd' 


(37) 
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a  result  i6  times  tliat  in  equation  (33.),  which  is  the  deflection 
in  a  beam.  Therefore,  when  a  beam  and  a  lever  equal  in 
sectional  area  and  in  lenj^th  be  loaded  by  equal  weights,  the 
one  at  the  middle,  the  other  at  one  end,  the  deflection  of  the 
lever  will  be  16  times  that  of  the  beam.  This  proportion  is 
based  upon  the  condition  that  neither  the  beam  nor  the  lever 
shall  be  deflected  beyond  the  limits  of  elasticity. 

14-3. — I>i>flee|ion  or  a   Eicver:  Load  nt  End. — Equation 

(37.),  in  words  at  lcugtl\,  is — 

Ru/e  XXXW. — Multiply  16  times  the  given  weight  by 
the  cube  of  the  length  in  feet;  divide  the  product  by  the 
product  of  the  breadth  into  the  cube  of  the  depth  multiplied 
by  the  value  of  /■Tor  the  material  of  the  lever,  in  Table  111., 
and  the  quofient  will  be  the  required  deflection. 

Excimplv. — What  would  be  the  deflection  of  a  barol 
American  wrought  iron  one  inch  broad,  two  inches  deep. 
loaded  with  150  pounds  at  a  point  5  feet  distant  from  the 
wall  in  which  the  bar  is  imbedded?  The  value  of /'' lor 
American  wrcjught  iron,  in  Table  III.,  is  62000.  Therefore, 
by  the  rule,  16  y  150  x  5' =  300000.  This  divided  by 
(i  X  2*  y.  62000  =)  496000  gives  0-6048,  the  required  deflec- 
tion— nearly  \  of  an  inch. 

144. — Delle^'tlon  of  a  I.ever:  Weight  wlicii  ul  End. — By 

a  transposition  of  the  factors  in  equation  i^n^^  we  obtain— 


P  = 


Fbd*6 
i6n*    ' 


(38.) 


This  result  is  equal  to  one  sixteenth  of  that  shown  in  equa- 
tion (31-),  a  rule  for  the  weight  at  the  middle.     Therefoi 
for^  _ 

Rit/i-  XXXI IL— Proceed  as  directed  in  Rule  XXVll.; 
divide  tlic  quotient  there  obtained  by  16,  and  the  resulting 
quotient  will  be  the  required  weight  in  pounds. 

Example, — What  weight  is  required  at  the  end  of  a  4  x  12 
inch  (icortjia-pine  lever  20  feet  long  to  deflect  it  three 
quarters  of  an  inch?  Proceeding  by  Rule  XXVIL,  we  ob- 
tain a  quotient  of  3823-2;  this  divided  by  16  gives  238-95, 
say  239,  the  required  weight  in  pounds. 
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14-5. — Deflection  of  a  L<evcr  :  Breadth  or  Depth,  E.oad 
at  End. — A  trunspositiun  uf  the  factors  of  equation  (38.) 
gives — 

bd^='^^''\  (39.) 

a  rule  by  which  to  obtain  the  sectional  area  of  the  lever. 
By  comparison  with  equation  {32.)  it  is  seen  that  the  result 
in  (39.)  is  16  times  that  found  by  (32.).  Therefore,  the  dimen- 
sions for  a  lever  loaded  at  the  end  may  be  found  by — 

Ruie  XXXIV. — Multiply  by  16  the  first  quotient  found 
by  Rule  XX VI I. .and  then  proceed  as  farther  directed  in 
Rule  XXVII.,  using  the  product  of  16  times  the  quotient, 
instead  of  the  .said  quotient. 

Examptf. — What  should  h>e  the  size  of  a  spruce  lever  20 
feet  long",  between  weight  and  wall,  to  sustain  2000  pounds 
at  the  end  with  a  deflection  of  i  inch?  Proceeding  by  Rule 
XXVII.,  we  obtain  a  first  quotient  of  4571-43.  By  Rule 
XXXIV.,  4571.43  X  16  =  73144.88.  Now,  if  the  depth  be 
fixed,  say,  at  20,  then  73144-88  divided  by  (20  x  20  x  20  =) 
8000  gives  9' 143,  the  required  breadth.  Dut  to  obtain  the 
depth,  fixing  the  breadth,  say,  at  9,  we  have  for  73144-88  di- 
vided by  9  =  8127-21,  the  cube  root  of  which  is  20- 1055,  the 
required  depth.  Again,  if  the  breadth  and  depth  arc  to  be 
in  proportion,  say,  as  0-7  to  i-o,  then  73144-88  divided  by 
0-7  gives  104492-7,  the  square  root  of  which  is  323-254,  of 
which  the  square  root  is  17-98,  the  required  depth  in  inches; 
and  17 '98  X  0-7  =  12-586,  the  required  breadth  in  inches. 
The  lever,  therefore,  should  be,  say,  I2f  x  18  inches. 

146. — Deflection  of  Lcven:   WoJ«fht  irniroriiily   DfMirit>- 

uted. —  A  comparison  of  the  effects  (jf  loads  u[)on  levers 
shows  ( Transverse  Strains,  Art.  347)  that  the  deflection  by  a 
uniformly  distributed  load  is  equal  to  that  which  would  be 
produced  b}'  three  eighths  of  that  load  if  suspended  from 
the  end  of  the  lever.  Or,  P  =  %  U.  Substituting  this  value 
of  P,  in  equation  {17.),  gives— 

16  X  I  Un^ 


6 


which  reduces  to — 


d  = 


Fbd' 

6Un* 
Fbd*' 


Op-) 
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a  rule  for  the  deflection  of  levers  loaded  with  an  equally  dis- 
tributed  load. 

147. — Reflection  of  Lrevem  with  CTnirorinly  DUtribuied 
Load. — The  denection  sliown  in  equation  (40.)  is  just  six 
times  that  shown  in  equation  (33.).  The  result  by  (33.)  mul- 
tiplied by  6  will  equal  the  result  by  (40.):  therefore,  wc 
have — 

Rule  XXXV'.— IVoceed  as  directed  in  Rule  XXVIIl.; 
the  result  thereby  obtained  multiplied  by  6  will  give  the 
required  deflection. 

Example. — To  what  depth  will  500  pounds  deflect  a3x  10 
inch  white-i)ine  lever  10  feet  lon^,  the  weight  uniformly 
distributed  over  the  lever?  Here,  bv  Rule  XXVIII,,  we 
obtain  the  result  0-05747  ;  this  multiplied  by  6  gives  0'3448, 
the  required  deflection. 

14-8. — l>i-fli>ctlon  af  Levvm  :  Weig:lit  when  IJnlfbmilr 
DiNtribiitcd. —  By  a  transposition  of  factors  in  (40.),  wc  ob- 
tain— 


J 


This  is  equal  to  one  sixth  that  t)f  ecpiation  (31.) ;  therefo 
we  have — 

Rule  XXXVL  — Proceed  as  directed  in  Rule  XXVI.; 
the  quotient  thereby  obtained  divide  by  6,  and  the  quotient 
thus  obtained  will  be  the  required  weight. 

Example. — What  weight  will  be  required  to  deflect  a 
4x5  inch  spruce  lever  i  inch,  the  weight  uniformly  dis- 
tributed over  its  length  ?  Proceeding  as  directed  in  Rule 
XXVI.,  the  result  thereby  obtained  is  1750;  this  divided  by 
6  gives  291 1,  the  required  weight  in  poiuuls. 

l4-9>-  Df^ni'f'tfoii  of  T^ev«'r4  :  Rrendtii  or  Depth,  Load 
I  rtir»rnily  Dl«trli»iilc<l. — A  transposition  of  factors  in  equa- 
tion (41.)  gives — 

Fo 


siMprjriTV  i\  ruxsTRUCTio.v. 
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his  result  is  just  six  times  that  of  equation  (32.);  \vc,  there- 
fore, have — 

Ruic  XXXVII.— Proceed  as  directed  in  Rule  XXVII.  ; 
multiply  the  first  quotient  thereby  obtained  by  6  ;  then  in 
the  subsequent  directions  use  this  niultiptied  quotient  in- 
stead of  tlic  said  first  quotient,  to  obtain  the  required  breadth 
and  depth. 

Example. — What  should  be  the  size  of  a  spruce  lever  10 
feet  long,  sustaining  2666^  pounds,  uniformly  distributed 
over  its  length,  with  a  deflection  of  \  inch  ?  Proceeding 
b}'  Rule  XXVII.,  the  first  quotient  obtained  is  761-905; 
this  midtiplied  by  6  gives  4571-43,  the  multiplied  quotient 
which  is  to  be  used  in  place  of  the  said  first  quotient.  Now^ 
to  obtain  the  breadth,  the  depth  being  fixed,  say,  at  10; 
4571  -43  divided  by  (cube  of  10  —)  1000,  the  (juuticnt,  4-57,  is 
the  required  breadth.  But  if  the  breadth  be  fixed,  say,  at 
4,  then,  to  obtain  the  dc[)th,  4571*43  divided  by  4  gives 
1142-86.  the  cube  root  of  which  is  10-46.  the  required  depth. 
Again,  if  the  breadth  and  depth  are  to  be  in  proportion,  say. 
as  0-6  to  I  -o,  then  4571  -43  divided  by  o-6  gives  7619-05,  the 
square  root  of  which  is  87-27,  of  which  the  stjuarc  root  is 
9-343,  the  required  depth  in  inches  :  and  9*343  x  o-6  equals 
5-6,  the  required  breadth  in  inches;  or,  the  lever  may  be, 
s^y»  5^  ^  9i  inches. 

CONSTRUCTION   IN   GENERAL. 


150.  —  Construetlon  :  .Object  Clourl)    Deaucd.  —  In    the 

various  parts  of  timber  construction,  known  as  floors,  par- 
titions, roofs,  bridges,  etc.,  each  has  a  specific  object,  and  in 
all  designs  for  such  constructions   this  object  should  be  kept 

.  clearly  in  view,  the  various  parts  being  so  disposed  as  to 
serve  the  design  with  the  least  quantity  of  material.  The 
simplest   form  is  the  best,  not  only  because    it  is  the  most 

'  economical,  but  for  many  other  reasons.  The  great  number 
of  joints,  in  a  complex  design,  render  the  construction  liable 
to  derangement  by  multiplied  compressions,  shrinkage,  and, 
in  consequence,  highly  increased  oblique  strains  ;  by  which 
its  stability  and  durability  are  greatly  lessened. 
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151. — Floors  Besrrlbed. — Floors  are  most  generally  con. 
structed  single;  that  is,  simply  a  series  of  parallel  beams,  each 


^j. 


Fig.  39. 


spanning  the  width  of  the  building,  as  seen  at  Fig.  39.    Oc* 


Fig.  40. 

casionally  floors  are  constructed  double^  as  at  Fig.  40;  and 
sometimes  framed,  as  at  Fig.  41 ;    but   these   methods  are 
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lom  practised,  inasmuch  as  either  of  these  requires  more 
dmber  than  the  single  floor.  Where  lathiug  and  plastering 
is  attached  to  the  floor-beams  to  form  a  ccihng  below,  the 
springing  of  the  beams,  by  customary  use,  is  liable  to  crack 
the  plastering.  To  obviate  this  in  good  dwellings,  the  double 
and  framed  floors  have  been  resorted  to,  but  more  in  former 
times  than  now,  as  the  cross-furring  (a  series  of  narrow  strips 
of  board  or  plank   nailed   transversely  to   the  underside  of 


Fi«;.    41. 


the  beams  to  receive  the  lathing  for  the  plastering)  serves  a 
like  purpose  very  nearly  as  well. 


152. — Floor-Beams. — The  size  of  floor-beams  can  be  as- 
bertained  by  the  preceding  rules  far  the  stiffness  of  materials. 
These  rules  give  the  required  dimensions  for  the  various 
kinds  of  material  in  commfin  use.  The  rules  niav  be  some- 
What  abridged  for  ordinary  use,  if  some  of  the  quantities 
represented  in  the  formula  be  made  constant  within  certain 
limits.  For  example,  if  the  load  per  foot  superficial  upon 
the  floor  be  fixed,  and  the  deflection,  then  these,  together 
with  the  constant  represented  by  /',  may  be  reduced  to  one 
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constant.  For  dwellings,  the  load  per  foot  may  be  taken  at 
70  pounds,  the  weight  proper  to  be  allowed  for  a  crowd 
of  people  on  their  feet,  {Transverse  Strains^  Art.  x  14.)  To 
this  add  20  for  the  weig^ht  of  the  material  tjf  which  the  floor 
is  composed,  and  the  sum,  90,  is  the  value  of /",  or  the  weight 
per  foot  superficial  for  dwclliiigs.  Then  r //-—  U {Art.  lyd). 
The  rate  of  deflectitin  allowable  for  this  load  may  be  fixed 
at  0-03  inch  per  foot  of  the  len«?th,  or  rf  ^  0-03  /.  Substitut- 
ing- these  values  in  etjuation  (35.).  we  obtain — 


i  d'=       '^"'        =       9°'-'" 

1-6  Fx  •03  /        1-6  X  '03  /^ 


1875  r/' 


or — 


b  d^=  iM  c  r. 


(43.) 


Putting/  to  represent     "^ .,  -,  we  have — 


bd^^j:cl\ 


1875 


(44-)^ 


Now,  by  reducing — ^ — ,  for  the  six  woods  in  common  u! 
the  value  (>f  ;  for  each  is  found  as  follows: 

Georgia  Pine /  =  0-32 

Locust /  =  0-37 

While  Oak J  =  06 

Spruce J  —  o-  54 

White  Pine j  —  0-65 

Hemlock j  =.  0-67 


Equation  (44.^  is  a  rule  for  the  floor-beams  of  dwclliu 
it   may  be  used  also  to  obtain   the  dimensions  of  beams  fi 
stores  for  all  ordinary  business*  for  it  will  require  from  3  to 
5  times  the   weight  used    in  this  rule,  or  from  200  to 
(average  300)  pounds  to  increase  the  deflection  to  the  li 
of  elasticity  in  beams  of  the  usual  depths  and  lengths.     For 
light    stores,  therefore,  loaded,  say,  to  150  pounds  per 
the  beams  would  be   safe,  but  the  deflection  would  1 
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creased  to  0'o6  per  foot.  When  so  j^reat  a  ck-flcctioa  as  this 
would  not  be  objectionable  to  the  eye,  then  this  rule  (44.) 
will  serve  for  the  beams  of  light  stores.  But  for  first-class 
stores,  taking  the  rate  of  deflection  at  -04  per  foot,  an<l 
iixing  the  weight  per  superficial  foot  at  275  pounds,  includ- 
ing the  weight  of  the  material  of  which  the  floor  is  ctm- 
structed,  and  letting  X*  represent  the  constant,  then  — 

d  tV  =  k  c  l\  (45.) 

and  for — 

Georgia  Pine /•  =  o*  73 

Locust k  =  0-85 

White  Oak k  =   i  .38 

Spaice k  =   1-48 

White  Pino k  =    1-23 

Hemlock  /•  =   1 .  53 

163. — Floor-Bt'ain«  for  DMretUD^ii, — To  find  the  dimen- 
sions of  floor-beams  for  d^vcihtigs,  when  the  rate  of  deflection 
is  0-03  inch  per  foot,  or  for  ordinary  stores  when  the  load  is 
about  150  pounds  per  foot,  and  the  deflection  caused  by  this 
weight  is  within  the  limits  of  the  elasticity  cjf  the  material, 
we  have  the  following  rule : 

Rule  XXXVIH.— Multij>ly  the  cube  of  the  length  by 
the  distance  apart  between  the  beams  (from  centres),  both  in 
feet,  and  multiply  the  product  by  the  value  of  7  [Art.  152) 
for  the  material  of  the  beam,  and  the  product  will  equal  the 
product  of  the  breadth  into  the  cube  of  the  depth.  Now, 
to  find  the  breadth,  divide  this  product  by  the  cid)e  of  the 
depth  in  inches,  and  the  quotient  will  be  the  breadth  in 
inches.  But  if  the  depth  is  sought,  divide  the  said  product 
by  the  breadth  in  inches,  and  the  cube  root  tjf  the  quotient 
will  be  the  depth  in  inches;  or  if  the  breadth  and  depth  are 
to  be  in  proportion  as  r  is  to  unity,  r  representing  any  re- 
quired decimal,  then  divide  the  aforesaid  product  by  the 
value  of  /",  and  extract  the  square  root  of  the  quotient,  and 
the  square  root  of  this  square  root  will  be  the  depth  re- 
quired in  inches,  and  the  depth  multiplied  by  the  value  of  / 
will  be  the  breadth  in  inches. 
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Example.  —In  a  dwelling  Or  ordinary  stOre,  what  must 
the  breadth  of  the  beams,  when  placed  15  inches  from 
centres,  to  support  a  floor  covering  a  span  of  16  feet,  the 
depth  being  11  inches,  the  beams  of  white  oak?  Bv  the 
rule,  4096,  the  cube  of  the  length,  by  i^,  the  distance  from 
centres,  and  by  o«6,  the  value  of/  for  white  oak,  equals 
3072.  This  divided  by  1331,  the  cube  of  the  depth,  equals 
2-31  inches,  or  2^^*^  inches,  tlie  required  breadth.  But  if,  in- 
stead of  the  breadth,  the  depth  be  required,  the  breadth 
being  fixed  at  3  inches,  then  the  product.  3072,  as  above,  di- 
vided by  3,  the  breadth,  equals  1024:  the  cube  root  of  this 
is  10 -08,  or,  say,  10  inches  nearly.  But  if  the  breadth  and 
depth  are  to  be  in  proportion,  say,  asO'3  to  l-o,  then  the 
aforesaid  product,  3072,  divided  by  0-3,  the  value  of  r, 
equals  10240,  the  square  nxDt  of  which  is  loi-2,  and  the 
square  root  of  this  is  io*o6,  the  required  depth.  This 
multiplied  by  0-3,  the  value  of  r,  equals  3-02,  the  re- 
quired breadth ;  the  beam  is  therefore  to  be,  say,  3  x  10 
inches. 


(54. — Floor'Beains  for  FIrM-Class  $»loro«. — To  find  the 
breadth  and  depth  of  the  beams  for  a  floor  of  a  first-class 
store  sufficient  to  sustain  250  pounds  per  foot  superficial 
(exclusive  of  the  weight  of  the  material  in  the  floor),  wilh 
a  deflection  of  0-04  inch  per  foot  of  the  length,  we  have — 

Ruk  XXXIX.— The  same  as  XXXVIIL,  with  the  cx^ 
ception  that  the  value  of  ^  {Art.  152)  is  to  be  used  instead 
of  the  value  of  j. 

Example. — The  beams  of  the  floor  of  a  first-class  store 
are  to  be  of  Georgia  pine,  with  a  clear  bearing  between  the 
walls  of  18  feet,  and  placed  14  inches  from  centres:  what 
must  be  the  breadth  when  the  depth  is  11  incl\es?  By  the 
rule,  5832,  the  cube  of  the  length,  and  \\,  the  distance  from 
centres,  and  0-73,  the  value  of  k  for  Georgia  pine,  all  multi- 
plied together  equal  4966-92  ;  and  this  product  divided  by 
1 33 1,  the  cube  of  the  depth,  equals  3-73-»  the  requi 
breadth,  or  3|  inches. 

But  if,  instead  of  the  breadth,  the  depth  be  required: 
what   must    be  the  depth   when  the   breadth  is    3  inches? 


■« 
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The  said  product,  4966  92,  divided  by  3,  the  breadth,  equals 
1635-64,  and  the  cube  root  of  this,  11 '83,  or,  say,  12  inches, 
is  the  depth  required. 

But  if  the  breadth  and  depth  are  to  be  in  a  given  pro- 
portion, say  0-35  to  i-o,  the  4966-92  aforesaid  divided  by 
0-35,  the  vahie  of  r,  equals  14191,  the  square  root  of 
which  is  119-13,  and  the  square  root  of  this  square  root  is 
10-91.  or,  say,  11  inches,  the  required  depth.  And  10-91 
multiplied  by  0-35?  the  value  of  r,  equals  3-82,  the  required 
breadth,  say  3I  inches. 


I55«  —  Floor -Bcaiui:     DfHtanec    fVom    Cetitrcii.  —  It    is 

sometimes  desirable,  when  tlic  breadth  and  depth  of  the 
beams  are  fixed,  or  when  the  beams  have  been  sawed  and 
are  now  ready  for  use,  to  know  the  distance  from  cen- 
tres at  which  such  beams  should  be  placed  in  order  that  the 
fl«X)r  be  sufhciently  stiff.  By  a  transposition  of  the  factors 
in  equation  (44.),  we  obtain — 


c  •— 


h*ke  manner,  equation  (45.)  produces — 


f  = 


bd* 


(46-) 


(47.) 


These,  in  words  at  length,  are  as  follows: 

Rule  XL. — Multiply  the  cube  of  the  depth  by  the  breadth, 
both  in  inches,  and  divide  the  product  by  the  cube  of  the 
length  in  feet  multiplied  by  the  value  ofy,  for  dwellings 
and  for  ordinary  stores,  or  by  /-,  for  first-class  stores,  and 
the  quotient  will  be  the  disfance  apart  from  centres  in  feet. 

Example. — A  span  of  17  feet,  in  a  dwelling,  is  to  be  cov- 
ered by  white-pine  beams  3;<i2  inches:  at  what  distance 
apart  from  centres  should  they  be  placed  ?  By  the  rule, 
1728,  the  cube  of  the  depth,  multiplied  by  3,  the  breadth, 
equals  5184.  The  cube  of  17  is  4913  ;  this  by  0-65,  the  value 
ofy  for  white  pine,  equals  3193-45.  The  aforesaid  5184 
divided  by  this  3193-45  equals  1-6233  feet,  or,  say,  20  inches. 
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156.  —  Framed   Openliigii   Tor  Chlmneyi    and   Stain.  — 

Where  chimneys,  Jhics,  stairs,  etc.,  occur  to  interrupt  the 
bearing,  the  beams  are  framed  into  a  piece,  b  {Fig.  42),  called 
a  header.  The  beams,  a  a,  into  which  the  header  is  framed 
are  called  trimmers  or  carriage-beams.  These  framed  beams 
require  to  be  made  thicker  than  the  common  beams.  The 
header  must  be  strong  enough  to  sustain  one  half  of  the 
weight  that  is  sustained  upon  the  tail-h^^va^,  c  c  <the  wall  at 
the  opposite  end  ur  another  header  there  sustaining  the  other 
half),  and  the  trimmers  must  each  sustain  one  half  of  the 
weight  sustained  by  the  header  in  addition  to  the  weight  it 
supports  as  a  common  beam.     It  is  usual  in  practice  to  make 


"^Cl> 


these  framed  beams  one  inch  thicker  than  the  common  beams 
for  dwellings,  and  two  inches  thicker  for  heavy  stores.  This 
practice  in  ordinary  cases  answers  very  well,  but  in  extreme 
cases  these  chmensions  are  nut  proper.  Rules  applicable 
generally  must  be  deduced  froin  the  conditions  of  the  case — 
the  load  to  be  sustained  and  the  strength  of  the  material. 

157.— Breatiiii  of  llpadcrM. — The  load  sustained  by  a 
header  is  equally  distributed,  and  is  equal  to  the  superficial 
area  of  the  floor  supported  by  the  header  multiplied  by  the 
load  on  every  superficial  foot  of  the  floor.  This  is  equal  to 
the  length  of  the  header  multiplied  by  half  the  length  of  the 
tail-beatns,  and  by  the  load  per  superficial  foot.     Putting  / 
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for  the  length  of  the  header,  n  for  the  length  of  the  tail- 
'beams,  and  /  for  the  load  per  superficial  foot ;  U,  the  uni- 
formly distributed  load  carried  by  the  header,  will  equal  ^ 
f  n  g.  By  substituting  for  U,  in  equation  (35.),  this  value  of 
it,  we  obtain — 

The  symbols  g  and  /  here  both  represent  the  same  thing, 
the  length  of  the  header  ;  combining  these,  and  for  6  putting 
its  value  gr,  we  obtain— 

3_/«ir« 


bd^  = 


3  ■  2  Fr 


To  allow  for  the  weakening  of  the  header  by  the  mor- 
tices for  the  tail-beams  (which  should  be  cut  as  near  the 
middle  of  the  depth  of  the  header  as  practicable),  the  depth 
should  be  taken  at,  say,  one  inch  less  than  the  actual  depth. 
With  this  modification,  we  obtain — 


b  = 


fng* 


^•2  Fr  {d- 1  f 


(48.) 


^ 


If  y"be  taken  at  90,  and  r  at  003,  we  have,  by  reducing — 


which  is  a  rule  for  the  breadth  of  headers  for  dwellings  and 
for  ordinary  stores.     This,  in  words,  is  as  follows  : 

Rule  XLl. —  Multiply  937-5  times  the  length  of  the  tail- 
beams  by  the  cube  of  the  length  of  the  header,  both  in  feet. 
The  pnxiuct  divided  by  the  cube  of  one  less  than  the  depth 
multiplied  by  the  value  of  /\  Table  III.,  will  equal  the 
breadth  of  the  header  in  inches  for  dwellings  or  ordinary 
itores. 

Example. — A  header  of  white  pine,  for  a  dwelling,  is  10 
feet  long,  and  sustains  tail-beams  20  feet  long ;  its  depth  is 
12  inches:  what  must  be  its  breadth?  By  the  rule, 
937.5  X  20 X  16'=  18750000.     This  divided  by  (12- t)"x  2900= 
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3859900,  equals  4-858,  say  5  inches,  the  required  breadth. 
¥or  Jirst-<:Iass  j/cnj.', /should  be  taken  at  275,  and  r  at  0-04. 
With  these  values  the  constants  in  equation  (48.)  reduce  to 
2148-4375,  or,  say,  2150.     This  gives— 


2150;/^" 


(50.) 


a  rule  for  the  breadth  of  a  header  for  first-class  stores.  It 
is  the  same  as  that  for  dwellings,  except  that  the  constant 
2150  is  to  be  used  in  place  of  937-5.  Taking  the  same  ex- 
ample, and  using  the  constant  2150  instead  of  937-5,  we 
obtain  1 1  •  1405  the  required  breadth  of  the  header  (or  a  first 
class  store.  Modifying  the  question  by  using  Georgia  pine 
instead  of  white  pine,  we  obtain  5  -476  as  the  required  thici 
ness,  say  5^  inches. 


tic     I 

1^ 


i58>^Brcadlli  of  Carriage'Beams.— A  carriage-bcam  or 
trimmer^  in  addition  to  its  load  as  a  common  beam,  carries 
one  half  of  the  load  on  the  header,  which,  as  has  been 
seen  in  the  List  article,  is  equal  to  one  half  of  the  superficial 
area  of  the  floor  supported  by  the  tail-beams  multiplied  by 
the  weight  per  superficial  foot  of  the  load  upon  the  floor; 
therefore,  when  the  length  of  the  header  in  feet  is  repre- 
sented by  g,  and  the  length  of  the  tail-beams  by  «,  zu  equals 

^y^-xf,  equals  \  fg  n* 
2    2 

For  a  load  not  at  middle,  we  have  (25.) — 

4  Wa  m  n 


bd'  ^ 


Bt 


*The  load  from  ihe  header,  Instead  of  being  i / g n,  is.  more  accuraielr. 

i/"<g~c):    because  (he   surface  of    floor  carried    by  (he   header  is  only 

that  which  occurs  hclween  the  surfaces  carried  by  ihc  carriage-beams,  each  of 

which  carries  so  much  of  (he  tloor  as  extends  h:i1f  way  10  the  first   (ail-beam 

c 
from  it,  or  the  distaitce  -  ;  therefore,  the  width  of  the  surface  carried  equals 

the  length  of  the  header  less  {  2  x  -  =  J  r,  or  ^  —  r.  When,  however,  it  is  con- 
sidered thai  the  carriage-beam  is  liable  to  receive  some  weight  from  a  stairs  or 
other  article  in  the  well-hole,  the  small  additional  load  above  referred  to  is 
not  only  not  objectionable,  but  is  really  quite  necessary  to  be  included  in  the 
calculation. 


THICKNESS   OF   CARRIAGE-BEAMS. 
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This  is  a  rule  based  upon  resistance  to  rupture.  By  substi* 
luting  for  a,  the  factor  of  safety,  ^  1  »  its  value  in  terras  of 
resistance  to  flexure  {Transverse  Strains,  (154,)),  we  have — 


lfd'  = 


or — 


4  W  B I  m  n       4  Wm  n  . 
BlFdr     ^     Fdr     ' 

4  W  m  n 


bd*^ 


Ft 


In  this  expression,  W  is  a  concentrated  weight  at  the  dis- 
tances ;//  and  //  from  the  two  ends  of  the  beam.  Taking  the 
load  upon  a  carriage-beam  due  to  the  load  from  the  header, 
as  above  found,  and  substituting  it  for  IF,  we  obtain — 


bd' 


A^kfgnmn  __  fgmn'' 


Ft 


Ft 


This  is  the  expression  required  for  the  concentrated  load. 
To  this  is  to  be  added  the  uniformly  distributed  load  upon 
the  carriage-beam ;  this  is  given  in  equation  (35.).  Substi- 
tuting for  U  of  this  equation  its  value,  fc  i,  gives — 


bd*^ 


far   _  Ucr 


1-6  FS  Fr 

Combining  these  two  equations,  we  have  for  the  total  load — 

figmn-'  +  ^cr) 


bd*  = 


Fr 


(51.) 


If,  in  this  equation,  /be  taken  at  90,  and  r  at  0-03,  these 
reduce  to  3000  :  therefore,  with  this  value  of -,  we  have — 


b  = 


300o(gmH*4.^e/*) 
Fd' 


(52.) 


This  rule  for  the  breadth  of  carriage-beams  with  one 
header,  for  dwellings  and  for  ordinary  stores,  is  put  in  words 
as  follows : 
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Rule  XLII. — Multiply  the  leng-th  of  the  frnmed  opening 
by  its  brtriuJih,  and  by  the  square  of  the  length  of  the  tail- 
beams;  to  this  jjnvduct  add  ^  oi  the  cube  of  the  length  into 
the  distance  of  the  common  beams  from  centres — all  in  feet; 
divide  3000  times  tlie  sum  by  the  cube  of  the  depth  in  inches 
multiplied  by  the  \alue  of /'for  the  material  of  the  beam,  in 
Table  HI.,  and  the  quotient  \yi!l  be  the  breadth  in  inches. 

Example—  \\\  a  tiei"  of  3  x  lo  inch  beams,  placed  14  inches 
from  centres,  what  should  be  the  breadth  of  a  Gcorgia-pinc 
carriage-beam  20  feet  long,  carrying  a  header  12  feet  long, 
haying  tail-beams  15  feet  long?  Here  the  framed  openinjf 
is  5  X  12  feet.  Therefore,  according  to  the  rule,  12  >;  5  >  v-^  - 
1 3500 :  to  which  add  (|  x  20'  x  j|  ^)  5833^ ;  the  sum  is  19333^ 
and  this  by  3000  —  58000000.  The  value  of  F  for  Georjjia 
pine,  in  Table  HI.,  is  5900;  the  cube  of  the  depth  is  1000; 
the  product  of  these  two  is  5900000;  therefore,  dividing 
the  above  58000000  bv  5900000  gives  a  quotient  of  9.83, 
the  required   breadth  in  inches.     If.  in  equation  (51.),  /  be 

taken  at  275.  and  ;•  at  0-04,  then  -  becomes  6875,  and  the 
equation  becomes — 


b- 


6875(jf///«'-<-^<r/°) 


(53.) 


a  rule  for  the  breadth  of  carriage-beams  for  yf;-5/-f/rt55  5/<»/"<"^; 
the  same  as  that  for  dwellings,  except  that  the  constant  is 
6875  instead  of  3000. 


159. — Brenillti  of  Cttrrliigc-Bi'nmff  Carrying  Two  Set* 
Af  TatUBenin«. — A  rule  for  this  is  the  same  as  that  for  a  car- 
riage-beam carrying  one  set  of  tail-beams,  if  to  it  there  be 
added  the  effect  of  the  second  set  of  tail-beams.  Equation 
(51.)  with  the  addition  named  becomes — 


b^ 


Fd^r 


"^'1 


in  which  //  is  the  length  of  one  set  of  tail-beams,  and  s  the 
length  of  the  other  set  ;  and  m  +  n  =  /. 


-BEAMS  WITH    TWO   HEADERS. 


'f  be  taken  at  90,  and  r  at  0*03,  these  two  reduce  lo 
3000,  and  wc  have — 


b^ 


3000  [^w  ( w  //  +  .f'l-f  |<-/^] 


a  rule  for  the  breadth  of  a  carriage-beam  carrying  two  sets 
of  headers,  for  dwellings  and  {ur  ordinary  stores.  It  may 
be  stated  in  words  as  follows : 

RuU  XLl  1 1.— Multiply  the  length  of  the  longer  set  of 
tnil-bcams  by  the  diflerencc  bctwceni  this  length  and  the 
length  of  the  carriage-beam,  and  to  the  product  add  the 
square  of  the  length  of  the  shorter  set  of  tail-beams  ;  mul- 
tiply the  sum  by  the  length  of  the  longer  set  of  tail-beams, 
and  by  the  length  of  the  header;  to  this  product  add  \  of 
t.he  product  of  the  cube  of  the  length  of  the  carriage- 
"beam  into  the  distance  apart  from  centres  of  the  common 
Ix^ams ;  multiply  this  sum  by  3000;  divide  this  product  by 
the  product  of  the  cube  of  the  dc])tb  in  inches  into  the  vakie 
of  F ior  the  material  of  the  carriage-beam,  in  Table  111.,  and 
the  quotient  will  be  the  required  breadth. 

Example. — In  a  tier  of  3  x  12  inch  beams,  placed  14  inches 
from  centres,  what  should  be  the  breadth  of  a  spruce  car- 
riage-beam 20  feet  Inng  in  the  clear  of  the  bearings,  carry- 
ing two  sets  of  tail-beams,  one  of  them  9  feet  long,  the 
other  5  feet ;  the  headers  being  15  feet  long?  The  difference 
between  the  longer  set  of  tail-beams  and  the  carriage-beam 
is  (20  —  9  = )  II  feet.  Therefore,  by  the  rule,  9  :<  11  +  5'  = 
124:  then  (124x9x15=)  i674Q-f-(|x  20?*  X  i|  =)  5833!  = 
22573^;  then  22573|x  3000  =  6772oax>.  Now  the  value  of 
F  for  spruce,  Table  IIL,  is  3500;  this  by  12",  the  cube  of 
the  depth,  equals  6048000;  by  this  dividing  the  aforesaid 
67720000,  we  obtain  a  quotient  of  ir-197,  the  required 
breadth  of  the  carriage-beam.  If,  in  equation  (54.),  /  be 
taken  at  275,  and  r  at  o-o4»  these  reduce  to  6875,  ^"^1  we 
obtain—  * 


3  = 


6875  [.^"  ('«  «  +  ^^  + 1  f  ^'1 


a  rule  for  the  breadth  of  carriage -beams  carrying  two  sets 


(56.) 
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of  tail-beams,  in  the  floors  o^  first-class  stores.  This  is  like 
the  rule  lor  dwellings,  except  that  the  constant  is  6875  in- 
stead of  3000. 

I60.^11reufllli  of  Carrla«c  -  Beam  with  Well -Hole  at 
Mlfldlc— When  the  framed  opening  between  the  two  setsof 
tail-beams  occurs  at  the  middle,  or' when  the  lengths  of  ihc 
two  sets  uf  tail-beams  are  equal,  then  equation  (^34.)  reduces 
to 


(57-) 


and  if  /be  taken  at  90,  and  r  at  0-03.  these  reduce  to  3000. 
and  wc  iiavc — 


b  = 


300o/(^f/-  +  |fO 


W 


a  rule  for  the  breadth  of  a  carriage-beam  carrying  two  sets] 
of  tail-beams  of  equal  lengthy  in  the  floor  of  a  ihvcUing  oro? 
an  ordinary  store ;  and  which  in  words  is  as  follows: 

Rule  XLIV.— Multiply  the  length  of  the  header  by  l^ 
square  (jf  the  length  of  tlie  tail-beams,  and  to  the  product^ 
add  \  ot  the  product  of  the  square  of  the  length  of  the  car- 
riage-beam by  the  distance  apart  from  centres  of  the  com- 
mon beams:  mulliply  the  sum  by  3000  times  the  length  ol 
the  carriage-beam  :  divide  the  [>roduct  by  the  product  ol 
the  cube  of  the  depth  into  the  value  of  F  for  the  material  of 
the  carriage-beam,  in  Table  111.,  and  the  quotient  will  be  the 
required  breadth. 

Example. — In  a  tier  of  3x12  inch  beams,  placed  12  inches 
from  centres,  what  must  be  the  thickness  of  a  hemlock  car- 
riage-beam 20  feet  long,  carrying  two  sets  of  tail-beams, 
each  8  feet  hvng,  with  headers  10  feet  long?  By  the  rule, 
10  X  8"  f  ^  >^  I  X  20*  =  S90  ;  890  X  3000  X  20  =  53400000.  Now, 
the  value  of  /'',  in  Table  III.,  for  hemlock  is  2.S00 :  this  by  the 
cube  of  the  depth,  1728,  equals  483S400:  by  this  dividing 
the  former  product,  53400000,  and  the  quotient,  11-0367,18 
the  required  breadth  of  the  carriage-beam. 


CROSS-HRIDGINO. 


n? 


If,  in  equation  ($7,), /be  taken  at  275,  and  rat  0.04,  these 
[vrill  reduce  to  6875,  and  we  shall  have — 


l>^ 


(59.) 


a  result  the  same  as  in  equation  (58.).  except  that  the 
constant  is  6S75  instead  of  3000.  Equation  (59.)  is  a  rule  for 
the  breadth  of  carriage-beams  carrying  two  sets  of  tail-beams 
of  equal  length,  in  the  floor  of  a  llrst-class  store.  In  words 
at  length,  it  is  the  same  as  Rule  XLIV.,  except  that  the  con- 
stant 6875  is  to  be  used  in  place  of  3000. 

161. — CroMKi-ISridglng,    or   llerrlns^-IIono    Brid^^lng'. — The 

diagonal  struts  set  between  floor-beams,  as  in  hig,  43,  are 
Wnown  as  cross-bridging,  or  hcrring- 
l>one  bridging.  By  connecting  the 
l>eams  thus  at  intervals,  sav,  of  from 
5  to  8  feet,  the  stiffness  of  the  floor 
is  greatly  increased.  The  absolute 
strength  of  a  tier  of  beams  to  resist  a 
Aveight  uniformly  distributed  over 
the  whole  tier  is  augmented  but  lit- 
tle by  cross-bridging;  but  the  power 
'cf  any  one   beam    in  the  tier  to   re-  ""  ^•^' 

sist  a  concentrated  load  upon  it,  as  a  heavy  article  of  fur- 
niture or  an  iron  safe,  is  greatly  increased  by  the  cross- 
bridging;  for  this  device,  by  connecting  the  loaded  beam 
with  the  adjacent  beams  on  each  side,  causes  these  beams  to 
assist  in  carrying  the  load.  To  secure  the  full  benefit  of  the 
diagonal  struts,  it  is  very  important  that  the  beams  be  well 
secured  from  separating  laterally,  by  having  strips,  such  as 
cross-furring,  firmly  nailed  to  the  under  edges  <if  the  beams. 
The  tie  thus  made,  together  with  that  of  the  floor-plank  on 
the  top  edges,  will  prevent  the  thrust  of  the  struts  from  sep- 
arating the  beams. 

162. — Biifli:lnff:  Value  to  RcslHt  Conccntrutcd  Loails.— > 

A  rule  for  determining  the  additional  load  which  any  one 
beam  connected  by  bridging  will  be  capable  of  sustaining, 
by  the  assistance  derived  from  the  other  beams,  through  the 
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bridging^,  may  be  found  in  Chapter  XVII  I.,  TrattSi'erse Strains. 

This  rule  may  be  stated  thus  : 


^-^^^(i+2''  +  3V4*+^/f.); 


(6a) 


in  whicli  R  is  the  increased  resistaiice,  equal  to  the  addi- 
tional load  which  may  be  put  u[>on  the  loaded  beam;  f  is  the 
distance  from  centres  in  feet  at  which  the  beams  in  the  tier 
are  placed  :  /is  the  load  in  pounds  per  superficial  foot  upon 
the  Hoor ;  /  is  the  length  of  the  beams  in  feet ;  and  d  is  the 
depth  ol  the  beams  in  inches.  The  squares  within  the 
bracket  are  to  be  extended  to  as  many  places  as  there  are 
beams  on  each  side  which  contribute  assistance  through  the 
bridging.  The  rule  given  in  the  work  referred  to,  for  ascer- 
taining the  number  of  spaces  between  the  beanis^  is — 


«  ^ 


(6i. 


or,  the  depth  of  the  beam  in  inches  divided  by  the  square 
the  distance  from  centres,  in  lect,  at  which  the  beams 
placed  will  give  the  number  of  spaces  between  the  beams 
which  contribute  on  each  side  in  sustaining  the  concentrated 
load.     The  nearest  whole  number,  minus  unity,  will  cqu^^ 
the  required  number  of  beams.  |^| 

The  value  of  r  for  beams  in  floors  of  dwellings  is  givetnn 
equation  (46.),  and  tor  those  in  tirst-class  stores  in  equation 
(47.).  By  a  modification  of  equation  (34.),  putting  c  f  I  for 
Z7,  we  have — 


cfl  = 


r 


and — 


or — 


c  = 


\6Fbd*S 

fr     ' 

\'6Fbd'r 


c  = 


/^* 


(63.) 


These   equations  give  general    rules    f«ir    the    value    of  c 


IN'CREASED   LOAD    UY   CKOSS-liRIDCIXC;. 


«3J 


"•«,  inc  rule,  in  words  at  length,  for  ihc  resistance  olTercd 
\>y  ihc  adjoining  beams  to  a  weight  conccntraied  upon  one 
of  the  beams  sustained  by  cross-bridginj^  to  the  others,  is— 
A'«/r  XLV. — Divide  the  depth  of  the  beam  in  inches  by 
the  «juarc  of  the  distance  apart  from   centres  in    feet    at 
ivhich  the  floor-beams  arc  placed  ;  from  the  quotient  deduct 
ii  ill  call  the  whole  number  nearest  to  the  remainder 

'ti  I  Result.     Take  the  sum  of  the  squares  of  the  con- 

secutive numbers  from  imity  to  as  many  places  as  shall  equal 
f7  -e   first  result;    mulliply   this  sum  by  5   times  the 

^<-     ,-.    .!!  feet,  by  the  load  per  fixit  superficial  upon  the  floor. 
atxd  by  the  fifth  power  of  the  distance  apart  frtim  centres  in 
f'Cct  at  ivhich  the  beams  are  placed  ;  divide  the  pn)duct  by 
^    times  the  square  of  the  depth  in  inches,  and  the  quotient 
^"f  ill  be  the  weight  in  pounds  required. 

Examph. —  In  a  tier  of  3x  12  inch  floor-beams  20  feet 

|*<:»ny,  placed  in  a  dwelling  i6  inches  from  centres  and   well 

'«Tdgcd,  what  load  maybe  uniformly  ilistributed  uj)on  one  of 

IS.  additional  to  the  load  which  that  beam  is  capable 

>«.«iMing    safely  when  unassisted  by  bridging?     Here, 

'-^ctirding  l<i  the  rule,  12  divided  by  (1^-1-  ij-  =  )  \\  equals 

;  6|— I  =  5j.  ihc  nearest  whole  number  to  which  is  6,  the 

-ill.     The  sum  of  the  square  j>f  the  first  6  numbers 

t  +2'  +  3*  +  4'-r  5*  +  6'  =)  1+44-9+16  +  25  +  36  =  91. 

IhercforCt  91  x  5  x  3o x  90 x  (|)*  =  345 1266.*     The  square  of 

"^Jic  depth    (i2x  12  =  )  144x4  =  576;   by  this  dividing  the 

^bove   3451266,   we   have    the    quotient    5991*78,    say    5992 

mds,  the  required  weight.     This  is  the  additional  load 

^■.       '      nay  be  placed  upon  the  beam.     At  90  pounds  per 

i.il  fool,  the  common  load  on  each  beam,  we  have 


•  Tl»«  viluf  of  r,  16  inches,  equals  \  feel.  The  fifth  power  of  this,  or  (Jl*. 
lob&aiincxi  hy  invulvjtii;  both  nu(ncr«lor  and  tlcnoininalor  to  the  iiUh  potvcr, 
iiJ  di tiding  the  h(ih  power  of  the  fo'mcr  by  ihc  &fth  power  of  the  Liiicr ;  for 

For  the  numerator  we  have  4  X4X4X4  »  4^1084,  ind  for  the  dc- 

niaator  J  m  3  it  3x3  x  3^=^343.  The  former  divided  bjr  the  btier  gives  as  a 
licm  4-9I4.  the  value  of  (ji^  The  process  of  involving  a  number  to  a  high 
er.  or  lUr  reverse  operation  of  extracting  Mgh  roots,  may  be  pcrforincd  by 
irtthm*  with  KT«at  facility.     (See  Art  427.) 
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90  X  20  X  J  =  2400  as  the  common  load.     To  this  arid  599? 
the  load  sustained  through  the  bi  itlging^  by  the  other  beams, 
and  the  sum,  8392  pounds,  will  be  the  total  load  which  maj 
be  safel}'  SLtstaiiitd,  uniformly  distributed,  upon  one  bearu- 
nearly  3i  times  the  comnKjii  load. 

163.— Girders.— When  the  distance  between  the  walls  of 
a  building  is  greater  than  that  which  would  be  the  limit  for 
the  length  of  ordinary  single  beams,  it  becomes  requisite 
introduce   one  or  mure  additional  supports.     Where  suj 
ports  are  needed  for  a  floor  and  partitions  are  not  desirabl* 
it  is  usual  to  use  a  large  piece  of  timber  called  a  girder,  sus^ 
mined  by  posts  set  at  intervals  of  from  8  to  15  feet;  or.  vhe*^ 
posts    are    objectionable^   a    framed   construction   called    ^^ 
framed  girder  {Art.  10);  or  an  iron  box  called  a  tubula--   * 
iron  girder  (.-Jr/,  182),     When  a  simple  timber  girder  is  usetf^ 
it  is  advisable,  if  it  be  large,  to  divide  it  vertically  from  eiiC^ 
to  end  and  reverse  the  two  pieces,  exposing  the  heart  of  th^^ 
timber  to  the  air  in  order  that  it  may  dry  quicklv,  and  alsc^^ 
to  detect  decay  at  the  heart.     When  the  halves  are  bolted  ' 
together,  thin  slips   of  wood    should   be  inserted   between     ' 
them  at  the  several  points  at  which  they  arc  bolted,  in  order 
to  leave  sufficient  space  for  the  air  to  circulate  freely  in  the 
space  thus  formed  between  them.     This  tends  to  prevent 
decay,  which   will  be  found  first  at  such  parts  as  are  not 
exactly'  tight,  nor  yet  far  enough  apart  to  permit  the  escape 
of  moisture.     When  girders  are  required  for  a  long  bear- 
ing, it  is  usual  to  truss  them  ;   that  is,  to   insert   bet\vea^| 
the  halves  two  pieces  of  oak  which  arc  inclined  towards  eaCi^i 
other,  and  which  meet  at  the  centre  of  the  length  of  the 
girder  like  the  rafters  of  a  roof-truss,  though  nearly  if  not 
quite  concealed  within  the  girder.     This  and  many  similar 
methods,  though  extensively  practised,  are  generally  worse 
than  useless;  smce  it  has  been  ascertained  that,  in  nearly  all 
such  cases,  the  operation  has  positively  'wiakiiud  the  gird< 

A  girder  may  be  strengthened  by  mcclianical  contrivanc 
when  its  depth  is  required  to  be  greater  than  any  one  pie< 
of  timber  will  allow,     fig:  44  shows  a  very  sim[>le  yet  invalu- 
able method  of  doing  this.     The  tw^o  pieces  of  which  the  gi.^ 


all 
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is  composed  are  bolted  or  pinned  together,  having  keys 

inserted  between  to  prevent  the  pieces  from  sHding.     The 

Veys  should  be  of   hard    wood,   well  seasoned.     The   two 

pieces  should    be  about  equal  in  depth,  in  order  that  the 

joint  between  them  may  be  in  the  neutral  line.     (Sec  Ar/s. 

120,  121.)     The  thickness  of  the  keys  should  be  about  half 

their  breadth,  and  the   amount   of   their   united    thickness 

should  be  equal  to  a  trifle  over  the  depth  and  one  third  of 

fhc depth  of  the  girder.     Instead  of  bolts  orpins,  iron  hoops 

are  sometimes  used ;  and  when  they  can  be  pntcured,  they 

3re  far  preferable.     In  this  case,  the  girder  is  diminished  at 

tne  ends,  and  the  hoops  driven  from  each  end  towards  the 

"^'ddle.     A  girder  may  be  spliced  if  timber  of  a  sufficient 

iexigth  cannot  be  obtained ;  though  not  at  or  near  the  mid- 


Fin.  44, 

die,  if  it  can  be  avoided.  (See  Arf.  87.)  Girders  should 
rest  from  9  to  12  inches  on  each  wall,  and  a  space  should  be 
left  for  the  air  to  circulate  around  the  ends,  that  the  damp- 
ness may  evaporate. 

164. — Glrdcn  :  l>iniciiMloiM. — The  size  of  a  girder,  for 
any  special  case,  may  be  determined  by  equations  (21.),  (22.), 
(25.),  (.27.).  and  (28.),  to  resist  rupture  ;  anil  to  resist  dctlcctton, 
by  equations  (32.)  and  (35.).  For"  girders  in  dwellings,  equa- 
tion ('44.)  may  be  used.  In  this  case,  the  value  ol  <-  is  to  be 
taken  equal  to  the  width  of  floor  supported  by  the  girder, 
which  is  equal  to  the  sum  of  the  distances  half  way  to  the 
wall  or  next  bearing  on  each  side.     When  there  is  but  one 
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girder  between  the  two  walls,  the  value  of  c  is  equal  to  half 
the  distance  between  the  walls.  The  rule  for  girders  for 
thvellings,  \\\  words,  is — 

Ruk  XLV^I.— Multiply  the  cube  of  the  lenj^th  of  the  gfir- 
der  by  the  sum  of  the  distances  from  the  girder  half  way  to 
the  next  beariiig^  on  each  side,  and  bv  the  value  of  ;*  for  the 
material  of  the  gii-der,  in  Art,  152;  the  product  will  equal 
the  product  of  the  breadth  of  the  girtler  into  the  cube  of  the 
depth.  To  obtain  the  breadth,  divide  this  product  by  the 
cube  of  the  depth  ;  the  quotient  will  be  the  breadth.  To 
obtain  the  depth,  divide  the  saitl  product  by  the  breadth; 
the  cube  root  of  the  quotient  will  be  the  depth.  If  t 
breadth  and  depth  are  to  be  in  a  ijiven  [>ro|>ortion,  say  .ii 
r  :  1-0,  then  divide  the  aforesaid  quotient  by  the  value  oP 
r  :  take  the  square  root  of  the  quotient ;  then  the  square  root 
of  this  square  root  will  be  the  depth,  and  the  depth  iiiuUi* 
plied  by  the  value  of  r  will  be  the  breadth. 

Example. — In  the  floor  of  a  dwelling,  what  should  be  the 
size  of  a   Georgia-pine  girder    14  feet  long  between  [msts, 
placed  at   ro  feet  from  one  wall  and  20  feet  from  the  other? 
The  value  of  c  here  is  V  +  ^  =  ¥'  =  ^5-      J'^^"   value  of/ 
for  Georgia  pine  (yfr/.  152)  is  0-32.     By  the  rule,  14' i^  154 
0-32  r=  13171 -2.     Now,  to  find  the  breadth  when  the  depth 
is  12  inches  ;  13171  -2  divided  by  the  cube  of  12,  or  by  1728, 
gives   a   quotient   of    7-622,    or   /f,  the    required    breadth- 
Again,  to  find  the  depth,  when  the  breadth   is  8    inches; 
13171  -2  divided  by  8  gives  1646-4,  the  cube  root  of  which  is 
II -808,  or,  say,    \\\  inches,    the  required    depth.       But  if 
neither  breadth  nor  depth  have  been  previously  determined, 
except   as    to    their    propcjrtion,    say   as   0-7   to    i-o,   then 
13171  <2  divided   by  0-7  gives    1S816,  of  which  the  square 
root  is  137-171,  and  of  this  the  square  root  is  11-712,  or,  s.iy, 
iif  inches,  the  required  depth.     For  the  breadth,  we  have 
11-712    by    0-7   equals    S-igS,   or,   say,    8^,    the    required 
breadth.     Thus  the  girder  is  required  to  be  7§  x  12,  8  :<  ii^. 
or  8|  X  iijI^  inches.     This  example   is  one  in  a  dwelling  or 
ordinary  store;  {or  first-class  stores  the  rule  for  girders  is  the 
same  as  the  last,  except  that  the  value  of  k  is  to  be  taken 
instead  of  y,  \t\  Art.  152. 


65. — Kolld  Timber  Ploom. — Floors  constructed  with 
led-iron  bcanif!.  and  brick  arches  are  proof  ag^ainst  fire 
only  to  a  limited  degree;  for  experience  has  shown  that  the 
lieat,  in  an  extensive  conflagration,  is  sufficiently  intense  to 
flcprivc  the  iron  of  its  rigidity,  and  consequently  of  its 
strength.  Singular  as  it  may  seem,  it  is  nevertheless  true 
that  wood,  nnder  certain  circumstances,  has  a  greater  fire- 
resisting  quality  than  iron.  Floors  of  timber  constructed, 
as  is  usual,  with  the  beams  set  apart,  have  but  little  power 
to  resist  fire,  but  if  the  spaces  between  the  beams  be  filled 
up  solid  with  other  beams,  which  thus  close  the  openings 
against  the  jKiss  igc  of  the  flames,  and  the  under  surface  be 
coaled  with  plastering  mortar  containing  a  large  portion  of 
plaster  of  Paris,  and  finished  smooth,  then  this  wooden 
floor  will  resist  the  action  of  fire  longer  than  a  floor  of  iron 
Iwcams  and  brick  arches.  The  wooden  beams  should  be  se- 
cured to  each  other  by  dowels  or  spikes. 

I66« — ftolld   Timber   Floom  for  DwelllntfN   uiid   Amiem- 

Mf-Kooats. — From  Tranit>trst  Strains,  Art.  702,  we  have — 

^  -     0.576/^    • 
vliich  mav  be  modified  so  as  to  take  this  form : 


'     0576/^   ' 


(64.) 


is  a  rule  for  the  depth  or  thickness  of  solid  timber 
for  dwellings,  assemblvrooms,  or  office  buildings,  and 
•"  which  y  and  h  arc  constants  depending  upon  the  matc- 
"al ;  thus,  for— 


Georgia  Pine 

Spruce     . 
White  Pin 
Hemlock 


y  =  4.  and  //  =  0-314 
y  =  2^,   "   h  —  0-365 
V=  21,   "   //  =  0.389 
.^=2,    "  /ft  =  0'39 


The  rule  may  be  stated  in  words  thus: 

ktdf  XLVH.— Multiply  the  length  by  the  value  of /, 
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and  by  the  value  of  //,  as  above  given  ;  to  the  product  add 
82  ;  rmiltiply  the  sura  by  the  cube  of  the  length  ;  divide  this 
product  by  0576  times  the  value  of  F,  in  Table  HI. :  then 
the  cube  root  of  the  quotient  will  be  the  required  depth  in 
inches. 

Example. — What  depth  is  required  for  a  solid  Georgia- 
pine  floor  to  cover  a  span  of  20  feet  ?  For  Georgia  pioc 
^=5900;  r,  as  above  given,  equals  4,  and  //  equals  0-314; 
therefore,  by  the  rule — 

^-- j/(83  +  4xo-3»4^^)^'_f^'l5^_^.^^g. 
0*576x5900  3398 '4 

or,  the  depth  required  is,  say,  6-32  or  6/(j  inches. 

167, — Solid  Timlivr  Floors  for  Flmt-ClHM  Store*.— The 
equation  given  for  first-class  stores,  in  Transverse  Strains,^ 
Art,  702,  is — 

.768/ 
which  may  be  changed  to  this  form  : 

in  which  j  is  as  before,  and  k  for — 

Georgia  Pine  equals 0-4 

Spruce  equals. 0'472 

White  Fine  equals 0-502 

Hemlock  equals 0-506 

This  rule  may  be  put  in  words  the  same  as  Rule  XLVll., 
except  as  to  the  constants,  which  require  that  263  be  used  in 
place  of  82,  that  I'  be  used  in  place  of  //,  and  that  0-768  be 
used  in  place  of  0-576.  Table  XXI.  of  Transverse  Straim 
contains  the  results  of  computation  showing  the  depths  of 
solid  timber  floors  for  dwellings  and  assembly-rooms  and 
for  first-class  stores,  in  floors  of  spans  varying  from  8  to  50 
feet,  and  for  the  four  kinds  of  timber  before  named. 


TROV    FI.nOR-EEAMS. 

J69.  —  Bolleil  >  Iron   JScamii. —  i  he  dimensions    ot    iron 
beams,  whether  wrought  or  cast,  arc  to  be  ascertjiined  by 
Ihc  rules  already  given,  when  the  beams  are  of  rectangulaJ 
II  their  cross-section;  these  ndcs  are  applicable  alike 
'{  and  iron  {Art.  931,  and  may  be  used  for  any  mate- 
rial, provided  the  constant  appropriate  to  the  given  mate- 
rial be  used.  But  when  the  form  of  cross- 
section  is  such  as  that  which  is  usual  for 
rollcd-iron   beams    (Fi^.   45),   the    rules 
need  nK>difying.     Without  attempting 
to  explain  these  modifications  (referring 
for  this  to    Trannfcrse  Strains,  Art.  457 
and    following    article),   it    may   be    re- 
ncjarkixl  that  the  elements  of  resistance 
to  ilcxurc  in  a  beam  constitute  what  is 
fcrnicd  the  Momi-nt  of  burtia.     This,  in 
*  beam  of  rectang\dar  cross-section,  is 
^*ial  tu  ^  of  the  breadth  into  the  cube  of  the  depth  ;  or — 


Fig.  45. 


/  =r  ,^  ^  d\  (66.) 

His  would    be  appropriate    to   rolled-iron    beams  if    the 

^Uow  on  each  side  were  filled  with  metal,  so  as  t«>  complete 

•^e  form  of  cross-section  into  a  rectangle.     The  proper  cx- 

**'essirin   for  them   may    be   obtained    by   taking   first   the 

*^omcnt  for  the  beam  as  if  it  were  a  solid  rectangle,  and 

this  deducting  the  moment  for  the  part  which  on  each 

nting,  or  for  the  rectangles  of  the  hollows.      In 

witli  this  view  of  the  case,  we  have — 

/=  i^(^'^'-^.'//):  (67.) 

in  which  b  is  the   breadth   of  the   beam   or  width   of  the 

HaDges;  b,  is  the  breadth  of  the  two  hollows,  or  is  equal  to^ 

the  thickness  of  the  iveb  or  stfm  .-  d\%  the  depth  includ- 

and  bottom  flanges ;  and  f/  is  the  depth  in  the  clear 

rccn  the  top  and  bottom  flanges. 

Now,  if  equation  (32.)  be  divided  by  12,  we  shall  have — 


iV*^'  = 


\2  F6 
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and  since  -^^  ^  <^'  represents  the  moment  of  inertia,  weliave— " 

WP 


/  = 


12  Fd 


(68.; 


This  gives  the  value  of  /  for  a  beam  of  any  form  in  crc 
section  loaded  at  the  middlu.  By  this  equation  the  values 
of  /  have  Ijcen  computed  for  rolled-iron  beams  of  many 
sizes,  and  the  results  recorded  in  Table  XVI L.  Transwrsi 
StratPts.  A  few  of  these  are  included  in  Table  IV.,  as  followsij 

Taiilk  IV. — Rolleu-Iron  Beams. 


Namb. 

Depth. 

Weight 

p«r  y*rtl. 

/=                Name. 

Depth      ^^*'K*", 

/  = 

Trenton. 

Paterson. .  ,,\ 
Phoenix.  -  -   ■ 
Trenton. ... 
Phoenix  .... 
Trcnion  . ., . 

BufTato 

Paterson. . . . 

Phojnix 

Plicenix . 

4 

5 

5" 

6 

7 

8 
8 
9 
9 

30 
30 
36 
40 

53 
60 

65 

80 

70 
84 

7-34 

X2-OS3 

M-3t7 
23-761 

42-43 

46-012 

64-526 

84-735 

92 • 207 

107-793 

Bu(f:i!o 

Phttnix 

Buffalo 

Biin..lo 

Trenton 

Buffalo 

Paterson. . . . 
Paierson.  ... 

BufTalo 

iTrenlon, , . ,. 

9 
.0) 

r2i 

'StV 

90 

150 

90 
105 

135 

1 25 

125 
170 

ido 

150 

1091 11 
190-61 

lSt43' 

I7S-«^ 

241-47*' 

386-019 

29205 

398-93^ 

169.  —  Rolled  -  Iron  BcHniA:  DltncnilonA ;  l¥i'l|(lit  •> 
niddlc. —  [f,^in  equation  (68.),  tliere  be  substituted  for  !•'  iU 
value  for  wroujji'ht  iron,  as  in  Tabic  III.,  we  shall  have — 


/  = 


ivr 


1 2  X  62000  tf  ' 


or — 


/  = 


744000  rf 


(69.) 


This  is  a  rule  by  which  to  ascertain  the  size  of  a  rolled-iron 
beam  to  sustain  a  given  weight  at  middle  with  a  given  de- 
flection, and.  in  words  at  It-ngth,  is  as  fnllovvs: 

Rule  XLVlIi.  — .Mukiply  the  weight  in  pounds  by  the 
cube  of  the  length  in  feet;  divide  the  product  by  7440CX> 
times  the  deflection   in   inches,  and  the  quotient  will  be  the 
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momcnl  of  inertia  of  the  required  beam,  and  may  be  found, 
or  ihc  next  nearest  number,  in  Table  IV.  in  column  headed 
/.  Opposite  to  the  number  thus  found,  to  the  left,  will  be 
found  the  name,  depth,  and  weight  per  yard  of  the  required 
beam. 

Exampit. — Which  of  the  beams  of  Table  IV.  would  be 
proj)cr  to  carry  lo»ooo  pounds  at  the  middle  with  a  deflection 

one  inch,  the  lenj^^th  between  bearings  being  20  feet? 
Ifn:  we  have,  substituting  for  the  symbols  their  values — 


/  = 


W^/» 


loooo  X  26'      80000000 


744030  6       744000  -x  1     744000 


=  107-527: 


or,  ibc  momentof  inertia  of  the  required  beam  is  107 •  527,  the 
'*<arcst  lo  which,  in  the  tabic,  is  107-793,  pertaining  to  the 
^liQEBix  Qrinch,  84-pound  beam.      This,  then,  is  the  required 

170* — Rolled-Iron    Bcama:    Defleetlon  Mhcn  W^elffhl  U 
Blddtc. — By  a  transposition  uf  symbols  in  equation  (69.), 
'c  have — 


6  = 


744000  /* 


(70.) 


'a  rule  for  the  deflection  of  rolled-iron  beams  when   the 
bright  is  at  the  middle.     This,  in  words,  is — 

HuU    XLIX. — Multiply  the   weight    in   pounds  by   the 
ibc  of  the  length  in  feet ;  divide  the  product  by  744000 
Jiffies  the  value  of  /  for  the  given   beam,  and  the  quotient 
"ViJI  be  the  required  deflection  in  inches. 

Rxamplr. — What  will  be  the  aeflection  of  a  Phoenix  9- 

"Indl,  TO-pound  beam  20  icet  long,  loaded  at  Ihe  middle  with 

^00  pownds?    The  value  of  /  ft>r  this  bean),  in  Table  IV.. 

is 92*207;  therefore,  substituting  for  the  symbols  their  vaU 

ocj,  and  proceeding  by  the  nde,  we  have — 

s  =  -JTj^  =  -I5°°'"°'     =  0.8746. : 

744000  I        744000  X  92 . 207 
Of.  the  deflection  will  be,  say,  |  of  an  inch. 
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I7l. — Rolled -Iron  Beatnii :    l¥elKht  when   nt   Middle.- 

A  transposition  of  factors  in  equation  (70.)  g"ives^ 


IV  = 


744000  /<y 


(71.) 


This  is  a  rule  for  the  weig^ht  at  middle,  and,  in  words,  is — 
Rit/f   L. —  Multiply   744000  times  the  value   of  /  by  the 

deflection  in  inches  ;  divide  the  product  by  the  cube  of  the 

leiif^th,    and   the  quotient   will  be   the   required  weight  in 

pounds. 

Exam/fie. — What  weight  at  the  middle  of  a  Buffalo  9-inch, 

90-pound  beam  will  deflect  it  one  inch,  the  length  between 

bearings  being  20  feet?     The  value  of  /  for  this   beam,  iu 

Table  IV.,  is  109- 117;  therefore  — 

744000  /tf       744000x109-  I  17  XI  .^,    ^    „9. 

n  =  • ji = —^ =  10147.88: 

or,  the  required  weight  is,  say,  10,148  pounds. 

172. — Rolled>Iron  Benmri :  Weight  at  any  Point.— The 

equation  for  a  load  at  any  point  is  {Transverse  Straim,  Art. 
485)- 


W=i 


r86ooo  Id 


(72.) 


in  which  wand  n  represent  the  two  parts  in  feet  into  which 
the  point  where  the  load  rests  divides  the  Icng^th.  This,  in 
words,  is  as  follows : 

Rti/i  LI. — Multiply  186000  times  the  value  of  /  by  the 
deflection  in  inches ;  divide  the  product  by  the  product  of 
the  length  into  the  rectangle  formed  by  the  two  parts  into 
which  the  point  where  the  !(»ad  rests  dlvitles  the  length; 
the  quotient  will  be  the  required  weight  in  pounds. 

p.xample. — What  weight  is  rc<juircd,  located  at  10  feet 
from  one  end,  to  defle^^t  i^  inches  a  Paterson  I2j-inch,  125- 
pound  beam  25  feet  long  between  bearings?  The  value  of 
/for  this  beam,  in  Table  IV.,  is  292-05  ;  m  =  10,  and  n  =^]_ 
—  >/r  =  25  —  10^  15  ;  therefore — 


rr= 
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i86cxx)/(y       iS6ooox292-o5  X  1$  ^ 

—  ^        ^  -  =  21728-52; 


i  m  n      ~  25x10x15 

or,  tlic  required  weight  is,  say,  21,730  pounds. 

173, — Rolle<Mron  Beumt :  Dlmen«ioiifi :  Welslit  nt  aiiy 

Mac— By  transposition  oi  factors  in  equation  (7 J.),  we  ob- 
tain— 


/  = 


W  i  nt  n 
186000  cf* 


(73-) 


This  may  be  expressed  in  words  as  follows: 

KuU  LII. — Multiply  the  weight  by  the  leng-th.andby the 
rectangle  of  the  two  parts  into  which  the  point  where  the 
^'ci^ht  rests  divides  the  length  ;  divide  the  product  by  186000 
times  the  deflection,  and  the  quotient  will  be  the  value  of  /, 
*hich  (or  its  next  nearest  number)  may  be  found  in  Table 
'V'-,  op|>osite  to  which  will  be  found  the  required  beam. 

Example, — What  beam  10  feet  lon^  will  be  required  to 
<^»Ty  5000  pounds  at  3  feet  from  one  end  with  a  deflection 
^    0-4  inch?      Here  we  have  tn  equal  3,  and  n  equal  7; 


/  = 


Wlmn    __  500OX  10x3x7 
i86oootf  ~"     186000x0-4 


=  14- n3. 


«if  value  of  /is  14-113,  the  nearest  number  to  which  in 
.*^«  tabic,  is  14-317,  the  moment  of  inertia  of  the  Phcenix  5- 
'**^h,  36-p<iund  beam ;  this,  therefore,  is  the  beam  required. 

174. — Kolled'tron  Bcitni»:  DlmenslotiB;  %%'i'i|{hl  I'liifivrin* 

*^  Matritooted. — Since  \  U  =  \V{Art,  138).  equation  ^69.) ma}' 
^^  modified  by  the  substitution  of  this  value  of  \\\  when  wc 

744000  <f' 


>rbich  reduces  to— 


/  = 


Ul^ 


1190400  <7  ' 


(r4> 
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a  rule  for  the  dimensions  of  a  beam  for  a  uniformly  distrib- 
uted load,  which,  in  words,  is  as  follows: 

Ritie  LI  II. — Multiply  the  uniformly  distributed  load  by 
the  cube  of  the  length  ;  divide  the  product  by  1 190400  times 
the  deflection,  and  the  quotient  will  be  the  value  of  /,  corrc-,, 
spending  to  which,  or  to  its  next  nearest  number  will 
found  in  Table  IV.  the  required  beam. 

E.Xirmf>li\ — What  beam   10  feet  long  is  required  to  sus?* 
tain  an  equally  distributed  load  of  14,000  pounds  with  a  de- 
flection of  half  an  inch  ?     For  this  we  have — 


/  = 


14000  X  lO' 


1 190400x0' 5 


=  23.52. 


This  is  the  moment  of  inertia  of  the  required  beam  ;  neany 
the  same  as  2i-y6\^  in  Table  IV.,  the  value  of  /  for  a  Tren- 
ton 6-inch,  40-pound  beam,  which  will  serve  as  the  re- 
quired beam. 

I75i — RollccI'Iroii  BeitniN  :  Dcflet'tlon  ;  Weiglil  lljiirorml} 
DlsiribuH-d. — A  transposition  of  the  factors  in  equation  ^4.) 
gives — 


6  = 


Ul' 


1 190400  /* 


(75.) 


a  rule  for  the  deflection  of  a  uniformly  loaded  beam,  aii^_ 
which  may  be  put  in  these  words,  namely :  ^| 

Riih'  LIV.— Multiply  the  uniformly  distributed  hiad  by 
the  cube  of  the  length  ;  divide  the  product  by  1 190400  times 
the  value  of  /,  Table  IV^,,  and  the  quotient  will  be  the  re- 
quired deflection.  ^H 

Example. — To  what  depth  will  14,000  pounds,  uniform^™ 
distributed,  deflect  a   BulTalo   lo^inch,  90-pound   beam  20 
feet  long  ?     The  value  of  /  for  this  beam,  as  per  the  table,  is 
151-436;   therefore — 


<y  = 


14000  >:  30 


1190400:  151-436 


——y  =  06213; 


or,  the  required  deflection  is,  say,  f  of  an  inch. 
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176. — Rolled -Iron  Beam*:  Weight  M-hcn  Uniformly 
D2i>irlbuted. — Equation  (75.),  by  a  transposition  of  lactors, 
gives — 


J  J      1 190400  /  S 


(76.) 


a  rule  for  the  weight  uniformly  distributed,  and  which  may 
be  worded  thus : 

RuU  LV. — Multiply  1 190400  times  the  value  of  /,  Table 
IV,,  by  the  deflection;  divide  the  product  by  the  cube  of 
the  leng^th,  and  the  quotient  will  be  the  required  weight. 

Exaffiplc. — What  weight  uniformly  distributed  upon  a 
BufTalo  loi^-inch,  105 -pound  beam  25  feet  long  between 
bearings  wilt  deflect  it  f  of  an  inch  ? 

The  value  of  /  for  this  beam,  as  per  Tabic  IV.,  is  175-645  ; 
therefore — 

j^ ^  1.90400  X  ■75-645  X  I  ^         g. ,, 

25'  "^ 

or,  the  required  weight  is,  say,  10,036  pounds. 

177. —  Rolled  •  Iron  Rcamtt:  Flonm  of  DwclllngH  or  A«- 
fecmbly -  Roomi.  —  From  Trattsvirsc  Strains^  Art.  500,  we 
have — 


c  = 


255^/ 


420 


i.77) 


a  rule  for  the  distance  from  centres  of  rolled-iron  beams  in 
floors  of  dwellings,  assembly-rooms,  or  offices,  where  the 
spaces  between  the  beams  are  hlled  in  with  brick  arches  and 
concrete.  In  the  equation,  c  is  the  distance  apart  from  cen- 
tres in  feet,  and  y  is  the  weight  per  yard  of  the  beam.  This, 
in  words,  is  thus  expressed  : 

Rule  LVI. — Divide  255  times  the  value  of  /  by  the  cube 
of  the  length  ;  from  the  quotient  deduct  one  420th  jiart  of 
the  weight  of  the  beam  per  yard,  and  the  remainder  will  be 
the  required  distance  apart  from  centres. 

Example. — What  should  be  the  distance  apart  from  cen 
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tres   of    BufTalo    I2|^-inch.   125 -pound  beams  25   feetTon^ 
between  bearings,  in  the  floor  of  an  assembly-room  ?    For 
these  beams,  in  Table  IV.,  /  equals  286-019,  and  /=  125: 
therefore — 

_  255  X  286*019      125  ^ 
~  25*  420  * 

15625  420         ^  i/  H    J/  . 

or»  the  required   distance    from  centres  is,  say,  4  feet  4i 
inches. 


178. — Rolled'Iroit  Bcnmfl  :  Floom  of  FInt-ClaM  §lorr». 

-From  Transverse  Strains,  Art.  504,  we  have — 


c^ 


148-8/ 


(78.) 


;may, 

ytlfl 
9600^ 


a  rule  for  the  distance  from  centres  of  rolled-iron  beams 
the  floor  of  a  first-class  store;  the  spaces  between 
being  filled  with  brick  arches  and  concrete.     This  rule  may 
be  put  in  words  as  follows: 

Ruh-  LVIL — Divide   148-8  times  the  value  of  /  by 
cube  of  the  length  ;    from   the  quotient  deduct  one 
part  of  the  weight  of  the  beam  per  yard,  and  the  remainder 
will  be  the  distance  apart  of   the  beams  from    centres  in 
feet. 

£"-rrtw/>A'.  — What  should  be  the  distance  apart  from  cen- 
tres of  Buffalo  I2|^-inch,  180-pound  beams  20  feet  long 
between  bearings,  in  the  floor  of  a  first-class  store?  For 
these  beams  the  value  of  /,  Table  IV.,  15418-945,  and  the 
value  of  J  is  180 ;  therefore — 


148-8  X  418-945       180      .  ^ 
c  =  -2 -^ ^^  _       .  =  7  60  ; 

20'  960 


or,  the    required   distance  from  centres  is,  say,  7  feet  y\ 
inches. 
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179. — Floor-Arches:  Ocncral  Coiiiildcratton«. —  In  fill- 
ing the  spaces  between  the  iron  beams  of  a  floor,  the  arches 
should  be  constructed  with  hard  whulc  brick  of  good  shape, 
laid  upon  the  supporting  centre  in  contact  with  each  other, 
and  the  joints  thoroughly  filled  with  cement  grout,  and 
keyed  with  slate.  Made  in  this  manner,  the  arches  need  not 
be  over  four  inches  thick  at  the  crown  for  spans  extending 
to  7  or  8  feet,  and  8  inches  thick  at  the  springing,  where 
they  should  be  started  upon  a  [jroper  skew-back.  The  rise 
of  the  arch  should  not  be  less  than  i^  inches  for  each  foot 
of  the  span. 

180. — Floor  •  Arctaei ;    Tie  •Rods:    Dwellings.  —  From 

Transverse  Strains,  Art.  507,  wc  ha\'c — 

d  z=  4  0-0198  r  J,  (79.) 

which  is  a  rule  for  the  diameter  in  inches  of  a  tic-rod  for 
an  arch  in  the  floor  of  a  bank,  office  building,  or  assembly- 
rooni :  in  which  d  is  the  diameter  in  inches  of  the  rod,  s  is 
the  span  of  the  arch,  and  c  is  the  distance  apart  between  the 
rods  {s  and  c  both  in  feet).  This  rule  requires  that  the  arch 
rise  i^  inches  per  foot  of  the  span,  and  that  the  brick-work 
and  the  superimposed  load  each  weigh  70  j>ounds,  or  to- 
gether 140  pounds.     This  rule,  in  words,  is  as  follows: 

Rule  LVIII. —  Multiply  the  span  of  the  arch  by  the  dis- 
tance apart  at  which  the  rods  are  placed,  and  by  the  decimal 
0-0198  ;  the  square  root  of  the  product  will  be  the  diameter 
of  the  required  rod. 

Example. — What  should  be  the  diameter  of  the  wrought- 
iron  ties  of  brick  arches  of  5  feet  span,  in  a  bank  or  hall  of 
assembly,  where  the  ties  are  8  feet  apart?     For  this  we 

have —  

d  =  Vo-oiqS  X  8  X  5  =  V -792  =  0-89; 

or,  the  diameter  of  the  required  rods  should  be,  say,  I  of  an- 
inch. 

l8l.-=Floor.Arelie«;  Tle-Rod<i :  Flrii|-Citt«i»Stor©t», — From 
the  same  source  as  in  last  article,  we  have — 


d=  Vo-045 27  es, 


(So.) 
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which  is  a  rule  for  the  size  of  tie-rods  for  the  brick  arch» 
of  the  floors  of  hrst-class  stores,  where  the  arches  have  a 
rise  of  i^  inches  for  each  foot  of  the  span,  and  where  the 
weight  of  the  brick  arch  and  concrete  is  not  over  70  pounds 
per  superficial  foot  of  the  floor,  and  the  loading  does  not 
exceed  250  pounds  per  superficial  foot.  As  the  rule  is  the 
same  as  the  one  in  the  preceding  article,  except  the  deci- 
mal, a  recital  of  the  rule,  in  words,  is  not  here  needed.  To 
obtain  the  recjuired  diameter,  proceed  as  directed  in  Rule 
LVIII.,  using  the  decimal  0-04527  instead  of  the  one  there 
given. 

TUBULAR    IRON    GIRDERS. 

182. — Tubular  Iron  Ciirders  :  Dcttfripttfin. — The  use  of 

wooden  beams  for  floors  is  limited  to  spans  of  about  25  feet 
When  greater  spans  than  this  are  to  be  covered,  some  expe- 

dietil  must  be  resorted  to  by  which 
intermediate  bearings  for  the  floor- 
beams  may  be  provided.    Wooden 
girders  may   be   used,   but  these 
need  to  be  supported  by  posts  at 
intervals  of    from    10   to    15    feet, 
unless  the  girders  are  trussed,  or 
made  up  of  top  and  bottom  chords, 
struts,  and   ties.      And  even  this 
is    objectionable,     owing    to    the 
height   such   a   piece  of    framing 
requires,    and    which    encumbers 
the    otherwise   free  space  of   the 
hall.     A  substitute  for  the  framed 
girder    has    been    found     in     the 
tubular  iron   girder,   as  in    /^j^.   46,  made   of    rolled    plate 
iron  anti  angle  in.>ns,  riveted.     They  require  to  be  stiffened 
by   an    occasional  upright   T   iron   along  eachside,   and  a 
cross-head  at  least  at  each  bearing. 

183. — Tubular  Iron  G!r<lerr:  Area  of  FlangOH ;  l<oad 
at  middle. —  In  wrought-iron  tubular  girders  it  is  usual  to 
make  the  top  and  bottom  flanges  of  equal  thickness.  From 
Transi'crse  Strains,  Art.  551,  we  have — 


Fig.  46- 


TUBULAR   IKON    GIRDERS. 
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IV  / 


\dk' 


(81.) 


lie  for  the  area  of  the  bottom  flange;  in  which  a  equ: 
the  area  of  the  flange  in  inches,  W  the  weight  in  pounds  at 
the  middle,  /the  length  and  d  the  depth  of  the  girder^  both 
in  feet,  and  k  the  safe  load  in  pounds  per  inrh  with  which 
the  metal  may  be  loaded,  and  which  is  usually  t.iken  at 
9000.     The  rule  may  be  stated  thus : 

/^w/f  LIX. — Multiply  the  weight  bv  the  length;  divide 
the  product  by  4  times  the  depth  into  the  value  of  k\  and 
the  quotient  will  be  the  required  area  of  the  bottom  flange. 

Example. — In  a  girder  40  feet  long  and  3  feet  high,  to 
carry  75.000  pounds  at  the  middle,  what  area  of  metal  is 
required  in  the  bottom  flange,  putting  k  at  9000?  For  this 
we  have,  by  the  rule — 

W  I        75000  X  40 

a  =  =  -~ ~ — '  =  27-77  ■ 

^d  k      4  X  3  X  9000  ' 

or.  the  area  required  is  27J  inches.  This  is  the  amount  of 
uncut  metal.  An  allowance  is  required  f*>r  that  which  will 
be  cut  by  rivet-holes.  This  is  usually  an  addition  of  one 
sixth. 

I84« — Tubular  Iron  (ilrdcm  :  Area  ar  Flan^cfi ;  l^oad  at 
•njr  Poliii.— The  equation  suitable  (or  this  {Transverse 
Strains,  Art.  553;  is — 


rt'  =  ir 


m  n 


dkl  ' 


(82.) 


in  which  m  and  »  are  the  distances  respectively  from  the  lo- 
cation of  the  load  to  the  two  ends  of  the  girder.  The  other 
symbols  are  the  same  as  in  the  last  article.  This  rule  may 
be  thus  stated  : 

Ru/t  LX. — ]\;Iultiply  the  weight  by  the  values  of  m  and 
of  n;  divide  the  product  bv  the  product  of  the  depth  into 
the  length  and  into  the  value  of  /-,  and  the  quotient  will  be 
the  required  area  of  the  bottom  flange. 

Example. — In  a  girder  50  feet  long  between  bearings  and 
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5 J  feet  high,  what  area  of  metal  is  required  in  the  boffern 
fiang-e  to  sustain  50,000  pounds  at  20  feet  from  one  end,  when, 
k  equals  9000'     By  the  rule,  we  have — 


=  W 


in  n    __  50000  X  20  <  30 


dkl         3^x9000  X  50 


-  =  19*05; 


or.  each  flange  requires   19  inches  of  solid  metal  uncut 
rivets, 

185. — Tiilfiilar  Iron  Catrderfl :  Area  <»r  Fliitisres ;  Loud 
Unfforml}-  DlNtrlbuteiL — The  equation  appropriate  here  ii 
{Transverse  Strains^  Art.  555)— 


(83.) 


This  is  a  rule  by  which  to  obtain  the  area  of  cross-sec* 
tion  of  the  bottom  flange  at  any  point  in  the  length  of  the  ^ 
girder,  the  load  uniformly  distributed  ;  in  and  «  being  the 
respective  distances  from  the  point  measured  to  the  two 
ends  of  the  girder,  and  U  representing  the  uniformly  dis- 
tributed load  in  pounds.  This,  in  words,  is  described  as 
follows  : 

Rule  LX I. —Divide  the  weight  by  the  product  of  twice 
the  depth  into  the  length  and  into  the  value  of  k ;  then  the 
quotient  multiplied  by  the  values  of  m   and  of  ;/  will  be  the 
requirctl  area  of  the  bottom    flange  at  the   jioint  measured^ 
the  distance  of  which  from  the  ends  equals  w  and  n.  ^H 

Exaviplt'. — In  a  girder  50  feet  long  and  3^  feet  high,  to 
carry  a  uniformly  distributed  lorvd  of  120.000  pounds,  what 
area  of  cross-section  is  required  in  the  bottom  flange,  at  the 
middle  and  at  intervals  of  5  feet  thence,  to  each  support ;  k 
being  taken  at  9000?     Here  we  have,  first — 


m  n 


a'  =  U—TL-T  = 


1 20000  m  n 


2  dkl         2x3^^^9000x50 


=  0^038095  Ml  ». 


Now,  when  m  =  n  =  2St  we  have  the  middle  point ;  then — 
a'  =  0-038095  m  n  =  0-038095  x  25  >:  25  =  23-81  ; 


or»  the   area   of  the   bottom   flange   at  mid-length  is  23-81 
inches. 

When  m  —  20,  then  n  =  30,  and — 


or,  the  required  area,  at  5  feet  either  way  from  the  middle, 
is  22|  inches. 

When  w  =  15,  then  n  —  35,  and — 

a'  =  0.038095  X  15  X  35  =  20.0; 

or,  at  10  feet  either  way  from  the  middle,  the  required  area 
is  20  inches. 

When  m  =  10,  then  n  =  40,  and — 

a  =  0038095  X  10  X  40  =  1 5  •  24  ; 

I      or,  at  15  feet  either  way  from  the  middle,  the  required  area 

I     is  15^  inches. 

■  When  w  =  5,  then  n  —  45,  and — 


a  =0.038095  X  5  X45  =  8'57  ; 


or,  at  20  feet  each  side  of  the  middle,  the  required  area  is  8f - 
inches. 

The  area  of  cross-section  found  in  every  case  is  that  of 
the  uncut  fibres;  to  this  is  to  be  added  as  much  as  will  be 
cut  by  the  rivets.  This  is  usually  about  one  sixth  of  the  area 
given  by  the  rule.  The  top  flange  is  to  be  made  equal  in 
area  to  the  bottom  flange.  The  flanges  are  unvarying  in 
width  from  end  to  end,  the  variation  of  area  being  obtained 
by  var^'ing  the  thickness  of  the  flanges,  and  this  being  at- 
tained by  building  the  flange  in  lamina,  or  plates ;  but  these 
should  not  be  less  than  a  quarter  of  an  inch  thick.  There 
should  be  added  to  the  length  of  the  girder,  in  the  clear, 
about  one  tenth  of  its  length  for  supports  on  the  walls :  thus, 
a  girder  30  feet  long  requires  3  feet  added  for  supports,  or 
18  inches  on  each  wall. 

186. — Tubulnr  Iron  €ilr4i«>r«:  Shearing  Strain.— The  top 
and  bottom  flanges  are  provided  of  suflicieiit  size  to  resist 


n 
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the  transverse  strnin  ;  the  two  uprig^ht  plates,  technicallr" 
termeti  the  urb,  need,  therefore,  to  be  thick  enough  to  resist 
only  the  shearing  strain.  This,  upon  a  beam  uniforrah" 
loaded,  is  at  the  middle  theoretically  nothing,  but  from 
thence  it  increases  regularly  towards  each  support,  where  it 
equals  half  the  whole  weight.  For  example,  the  girder  of 
Art.  185,  50  feet  long  between  supports,  carries  120.000 
pounds  uniformly  distributed  over  its  length.  In  this  case 
the  shearing  strain  at  the  wall  at  each  end  is  the  half  of 
120.000  pounds,  or  60,000  pounds;  at  5  feet  from  the  wall  it 
is  ^  or  ^  less,  or  48.000  pounds  ;  at  lo  feet  from  the  wall  it 
is  I  less,  or  36,000  pounds;  at  15  feet  it  is  24,000;  at  20 feet 
it  is  12,000;  and  at  25  feet  or  the  middle,  it  is  nothing. 

187.     Tubular  Iron  Olrdcrti:  Tklckuewi  of  Web.— The 

equation  appropriate  lor  this  is — 


/  = 


dk' 


(84.) 


in  which  /  is  the  thickness  of  the  web  (equal  to  the  sum  of 
the  thicknesses  of  the  two  side  plates),  d  is  the  height  of  the 
plate  {(  and  d  both  in  inches),  G  is  the  shearing  strain,  and  ^ 
is  the  effective  resistance  of  wrought  iron  to  shearing  per 
inch  of  cross-section.     This  mav  be  put  in  words  as  follows' 

Ru/c  LXIl. —  Divide  the  shearing  strain  by  the  product  o( 
the  depth  in  inches  into  the  value  of  k\  and  the  quotient 
will  be  the  thickness  of  the  web,  or  of  the  two  side  plates 
taken  together. 

Example. — What  is  the  required  thickness  of  web  in  a 
girder  50  feet  between  bearings,  side  plates  38  inches  high 
between  top  and  bottom  flanges,  and  to  carry  1 20.000  pounds, 
uniformly  distributed  ?  Here,  putting  the  shearing  resistance 
of  the  plates  at  7000  pounds  per  inch,  we  have — 


/  = 


G 

dk' 


38  X  7000 


G^_ 

266000  * 


The  shearing  strain  at  the  supports,  as  in  last  article,  is 
60000;  therefore,  we  have  for  this  point^ 
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~    266000    ~      '       ^' 
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I  266000  ^ 

f  When  G  =  48000,  then— 

_    48000  __ 
~  266000  ~  ' 

and  when  G  =  36000,  then — 

36000 

266000  -"^ 

Those  nearer  the  middle  of  the  girder  are  still  less  than 
^tsc;  and  these  arc  all  below  the  practicable  thickness, 
W'hich  is  half  an  inch  (or  the  two  plates.  The  plains  ought 
*n  in  practice  ever  to  be  made  less  than  a  quarter  ol  an 
Tnch  thick. 

188. — Tubulur  Iron  45lr:3crs,  for  VIoot.>  of  Du'clllng«, 
Ammtm^I) •Roomis  nn<l  Olllcc  Buildiiigii.— When  the  floors  of 
these  buildings  arc  constructed  with  rolled-iron  beams  and 
l>rick  arches,  then  the  following  (Art.  568,  Trnnsi'trsc  Strains) 
»  the  appropriate  equation  for  the  area  of  cross-section  of 
iHc  bottom  flange  of  the  girder : 

^  3^/  700-/       2dk 

**  which  a'  is  in  inches,  and  c,  i\  d,  i.  m,  and  ;/  are  in  feet. 
•"^so,  n'  IS  the  area  required  ;  y  is  the  weight  per  yard  of  the 
'^C>Ued-iron  beam  <»f  the  W^r  ;  r.  their  distances  from  centres  ; 
^  •  the  distance  from  centres  at  which  the  tubular  girders  are 
Pticrd,  or  the  breadth  of  floor  carried  by  one  girder;  d,  the 

ith  of  the  girder:  k,  the  effective  resistance  of  the  metal 
inch  in  the  flanges  of  the  girder :  and  m  and  h  arc  the 
•'i^laDOCS  respectively  from  the  two  ends  of  the  girder  to  the 
P^int  at  which  the  area  of  cross-section  of  the  bottom  flange 
*  rcnuiretl.     The  rule  may  be  thus  described  : 

Rule  LXIll. —  Divide  the  weight  per  yard  of  the  rolled- 
'^'On  beams  bv  3  times  their  distance  from  centres;  to  the 
^*»ot»ent  add  uo  !^"d  reserve  the  sum;  deduct  the  length 
***  led  from  700,  and  with  the  remainder  as  a  divisor  divide 
?Oo;  multiply  the  quotient  by  the  above  reserved  sum,  and 
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by  the  value  of  c' ;  divide  the  product  by  the  product  ol 
twice  the  depth  into  the  value  of  i\  and  the  quotient  multi. 
plied  by  the  values  of  m  and  of  //  will  be  the  required  area 
of  cross-section  of  the  bottom  flange  at  the  point  in  the 
length  distant  from  the  two  ends  equal  to  m  and  w  respec- 
tively. 

Example. — In  a  floor  of  9-inch,  70-pound  beams,  4  feet 
from  centres,  what  ought  to  be  the  area  of  the  bottom  flange 
of  a  tubular  girder  40  feet  long  between  bearings,  2  feet  8 
inches  deep,  and  placed  17  feet  from  the  walls  or  from  other 
girders  ;  the  area  of  the  flange  to  be  ascertained  at  every  5 
feet  of  the  length  :  the  value  of  k  to  be  put  at  9000?  Here 
y  =70,  c  —  j\,  i' =  17,  /=40,  and  </=2f.  Therefore,  bf 
the  rule — 


"'=( 


70  \      700  17 


^         3x4/  700  -  40      2  X  2f  X  9000  • 


a'=  i45-8ix  i-o6o6xo-oo0354if  xmn; 
a  =  0-05478  mti. 

The  values  of  w  and  n  are — 

At  the  middle w  =  20 :  «  =  20 

5  feet  from  middle m=  15:  «  =  25 

10     "        "  '•        w=io;  «  =  30 

15     '*       "         "      *«=    5;  «  =  35 

These  give —  ^ 

At  the  middle a'  —  0-05478  x  20  x  20  =  21-91 

"    5  feet  from  middle...  .a'  =  0-05478  x  15  x  25  =  20-54 


10      "         "  "       ...  .rt'  =  0-05478  >:  10  X  30  r=  16 

15     "       "  ••     ....rt'  =  o-o5478x    5  V35  =    9, 


tn 


These  are  the  areas  of  uncut  fibres  at  the  points  named,  in 
the  lower  flange  ;  the  upjjer  flange  requires  the  same  sizes. 

1 89* —Tubular    Iron    CJlrderN,  for    Floor*    of  llntl-ClM* 

Siorot*.— The  equation  proper  for  this  is  {Transversa  Strains, 
Art.  570)— 


i6i 


i^2<ik 


(86.) 


anile  ilu  same  tn  I.  M  lu  as  that  of  the  previous  article  ;  hence 
it  needs  no  particular  exemplification. 

Rule  LXIII.  of  last  article  may  be  used  for  this  case, 
simply  by  using  the  constant  320  in  place  of  that  of  140. 

CAST-IRON  GIRDERS. 

(90. — Ca«i»lron  Gtrdorc:  Inferior. — Rolled-iron  beams 
have  been  so  extensively  introduced  within  a  few  years  as 
to  have  superseded  almost  entirely  the  formerly  much  used 
cast-iron  beam  or  g^irder.  The  tensile  streng-lh  of  cast  iron 
IS  far  inferior  to  that  of  wrought  iron.  This  inferiority  and 
the  contingencies  to  which  the  metal  is  subject  in  casting 
render  it  very  untrustworthy  ;  it  should  not  be  used  where 
rolled-iron  beams  can  be  procured,  A  very  substantial  gir- 
der to  carr)'  a  brick  wall  is  made  by  placing  two  or  more 
rollcd-iron  beams  side  by  side,  and  securing  them  together 
by  bolts  at  mid-height  of  the  web  ;  placing  thimbles  or  sep- 
•nitors  at  each  bolt.  As  there  may  be  cases,  however,  in 
'•^hich  cast-iron  girders  will  be  used,  a  few  rules  for  ihcm 
*JU  here  be  given. 

I'^i.    r;i«|.|ron  Glrtler:  l^oad  at  Middle. — The  form    of 
^'  II  given   t<i   this  girder  usually   is  as  shown   in 

^*g'  47- 

In  the  cross-section,  the  bottom  flange 
is  made  to  contain  in  area  four  times  as 
much  as  the  top  Range.  The  strength 
will  be  in  proportion  to  the  area  of  the 
bottom  flange,  and  to  the  height  or 
depth  of  the  girder  at  middle.  Hence, 
to  obtain  the  greater  strength  from  a 
given  amount  of  material,  it  is  requisite 
to  make  the  upright  part,  or  the  webr 
rather  thin  ;  yet,  in  order  to  prevent 
injurious  strains  in  the  casting  while  it 
U  cooling,  the  parts  should  be  nearly 
equal  in  thickness.    The  thickness  of  the  three  parts— web, 
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top  flange,  and  bottom  flange — may  be  made  in   proportion 
as  5,  6,  and  8. 

For  a  weight  at  middle,  the  form  of  the  web  should  be 
that  of  a  triangle;  the  top  flange  forming  two  straight  lines 
declining  from  the  centre  each  way  to  the  bottom  flange  at 
the  ends,  like  the  rafters  of  a  roof  to  its  tie-beam.  From 
Transverse  Strauis,  Art.  583,  we  have — 


Wal 


a  = 


4850^' 


(87. 


which  is  a  rule  for  the  area  in  inches  of  the  bottom  flange, 
for  a  load  at  middle ;  the  area  of  the  tup  flunge  is  to  be  equal 
to  one  fourth  of  that  of  the  bottom  flange.  To  secure  this, 
make  the  width  of  the  top  flange  equal  to  one  third  of  the 
width  of  the  bottom  flange ;  the  thickness  of  the  foniier. 
as  before  directed,  being  made  equal  to  %  or  J  of  the  lat- 
ter. The  weight  W  is  in  pounds;  the  length  /  is  in  Itct; 
and  the  depth  ^  is  in  inches.  The  factor  of  safety  a  sliould 
be  taken  at  not  less  than  3  ;  better  at  4  or  5. 

The  equation  in  words  may  be  as  follows: 

Rttk  LXIV-— Multiply  the  weight  by  the  length,  and  by 
the  factor  of  safety  1  divide  the  j>roduct  by  4850  times  the 
depth  at  middle,  and  the  quotient  will  be  the  area  in  inches 
of  the  bottom  flange;  divide  this  area  by  the  width  of  the 
bottom  flange^  and  the  quotient  will  be  its  thickness.  Of  the 
top  flange  make  its  width  equal  one  third  that  of  the  bot- 
tom flange,  and  its  thickness  equal  t«>  three  quarters  that  ol 
the  latter.  Make  the  thickness  of  the  web  equal  to  \  t! 
of  the  bottom  flange. 

Example. — What  should  be  the  dimensions  of  the  cross- 
section  of  a  cast-iron  girder  20  feet  long  between   bearings, 
and  24  inches  high  at  middle,  where  30,000  pounds  is  to 
carried ;  the  factor  of  safety  being  put  at  $  ? 

Here  we    have    \V  —  30000  ;    <7  =  5  ;    /  =  20;    and  d 
24;  therefore,  by  the  rule — 


ia|d 


a  = 


30000  X  5  X  20 
4850x24 


=  25.773. 
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lis  Is  the  area  of  the  bottom  flany^c.  If  the  width  of  this 
»-c  be  12  inches,  then  25-773  divided  by  12  gives  2- 15, or 
2^1111,  as  the  thickness.  One  third  of  12  equals  4,  equals 
the  width  of  the  top  flange ;  and  fof  215  equals  i'6i,or  if— 
its  thickness.  The  thickness  of  the  web  equals  f  x  2- 15  — 
I '34  or  1^  inches. 

192.— CaHt-lroii  Cairdcr:    l^oad   IJnlfnrinl)   IMittrlliulod.- 

The  equation  suitable  to  this  is — 


k 


a'=^ 


Ual 


(88.) 


I   ,  .- 


a  rule  of  like  form  with  that  of  the  last  article ;  therefore, 
Rule  LXIV.  may  be  used  for  this  case,  simply  b)"  substitut- 
ing 9700  for  48 50. 

193.— Cast -Iron  BowBirlni^  (liirdcr.— An  arched  girder, 
such  as  that  in  Fig.  48,  is  technically^  termed  a  "bowstring 
girder."  The  curved  part  is  a  cast-iron  beam  of  T  form  in 
section,  and  the  horizon- 
^l  line  is  a  wrought-iron 
lie-rod  attached  to  the 
*nds  of  the  arch.  This 
^rder  has  but  little  to 
Commend  it,  and  is  by  no 
Ineans  worthy  the  confi- 
dence placed  in  it  bv 
builders,  with  many  of  whom  it  is  quite  popular.  The  brick 
Irch  usually  turned  over  it  is  adequate  to  sustain  the  entire 
impressive  force  inducctl  fn>ni  the  load  \i\\c  brick  wall 
hjilt  above  it),  and  it  thereby  supersedes  the  necessity  for  the 
Von  arch,  which  is  a  useless  expense.  The  tie-rod  is  the 
Inly  useful  part  of  the  bowstring  girder,  but  it  is  usually 
lade  too  small,  and  not  infrequently  is  seriously  injured  by 
he  needless  strain  to  wtiich  it  is  subjected  when  it  is 
shrunk  in"  to  the  sockets  in  the  ends  of  the  arch.  The  bow- 
tring  girder,  therefore,  should  never  be  used. 

194.— Subnilf iiie  fur  f hl^  BouNtrlnff  (>lrdcr. — As  the  cast- 
irch  of  a  bowstring  girder  serves  only  to  resist  com* 
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pression,  its  place  can  as  well  be  filled  by  an  arch  of  bri{ 
footed  on  a  pair  of  cast-iron  skew-backs;  and  these  held 
in  position  by  a  pair  of  vvrou^ht-iron  tie-rods,  as  shown  in 
Fig.  49.     This  system  of  construction  is  preferable  to  the 

bowstring  g^irder,  in  that  the 
tie-rods  are  not  liable  to  injury 
by  "  shrinking  in,"  and  the 
cost  is  less.  From  Transvtru 
Strains,  Art.  596,  we  have — 


z,=/ 


Ul 


9425  '^ 


(89') 


Fig.  49. 


an  equation  in  which  D  is  the 
diameter  in  inches  of  each  of 
the  two  tie-rods  of  the  brick 
arch  ;  U  is  the  load  in  pi^unds 
uniformly  distributed  over  the  arch  ;  /  is  the  span  o(  the 
arch  in  feet ;  and  d,  m  inches,  is  its  versed  sine,  or  its  height 
measured  from  the  centre  of  the  tic-rod  to  the  centre  of  the 
thickness  or  height  of  the  arch  at  middle. 

This  equation  may  be  put  in  words  as  follows: 
Rule  LXV, — Multiply  the  weij^ht  by  the  leng^th  ;  divide 
the  product  by  94-5  times  the  depth,  and  the  square  root  ot 
the  quotient  will  be  the  diameter  of  each  rod. 

j5"x<?////>/t'.— What  should  be  the  diameter  of  each  of  the 
pair  of  tie-rods  required  to  sustain  a  brick  arch  20  feet  span 
from  centres,  with  a  versed  sine  or  height  at  middle  of  30 
inches,  to  carry  a  brick  wall  12  inches  thick  and  30  feet  high. 
weighini^  100  pounds  per  cubic  foot?  The  load  upon  this 
arch  will  be  for  so  much  of  the  wall  as  will  occur  o^sc^  the 
opening,  which  will  be  about  one  foot  less  than  The  span  of 
the  arch,  or  20—1  =  19  feet.  Therefore,  the  load  will 
equal  19X  3oy  I  x  100  =  57,000  p<mnds  ;  and  hence,  U^ 
5700D,  /  =  20,  </  =  30,  and,  by  the  rule — 


j/  57000  X  20        ./ —  _ 

D=V  — — r  =  V4.0318  =  2'Oo8: 

9425  X  30 

or,  the  diameter  of  each  rod  is  required  to  be  2  inched. 
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195. — Grapbio  RcpreHcnlnilmi  of  Simiim. — In  the  first 
part  of  this  section,  commencing;  at  Art.  71,  the  method  was 
developed  of  ascertaining  the  strains  in  the  various  parts  of 
a  frame  by  the  pnirallelot^ram  or  triangle  of  forces.     The 
method,  so  far  as  there  explained,  is  adequate  to  solve  sim- 
ple cases ;  but  when  more  than  three  pieces  of  a  frame  con- 
verge in  one  point,  the  task  bv  that  method  becomes  difficult. 
This  difficulty,  however,  disappears  when  recourse  is  had  to 
the  method  known  as  that  of  '*  Reciprocal  Figures.  Frames, 
and   Diagrams  of  Forces,"  proposed  by  Professor  I.  Clerk 
Maxwell  in  1867.     This   is  an  extension  of   the   method  by 
the  triangle  of  forces,  and  may  be  illustrated  as  follows : 


I  Let   the    lines   in    Fig.  50    represent,   in  direction    and 

amount,  four  converging  forces  in  equilibrium  in  any  frame, 
as,  for  example,  the  truss  nf  a  roof ;  let  the  lines  in  Fig.  51 
be  drawn  parallel  to  those  in  Fig.  50,  in  the  manner  fol- 
lowing, namely  :  Let  the  line  y^  ^  be  drawn  parallel  with  the 
line  of  Fig.  50  which  is  between  the  correspontling  letters 
A  and  B,  and  let  it  be  of  corresponding  length  ;  front  B  draw 
the  line  B  C  parallel  with  the  line  of  Fig.  50  which  is  be- 
tween the  letters  B  and  C,  and  of  corresponding  length  ; 
then  from  C  draw  CD,  and  from  A  draw  A  D,  respectively 
parallel  with  the  lines  of  Fig.  50  designated  by  the  corre- 
sponding letters,  and  extend  them  till  they  intersect  at  D. 
The  lengths  of  these  two  lines,  the  last  two  drawn,  are  de- 
termined by  the  point  D  where  they  intersect;  their  lengths, 
therefore,  need  not  be  previously  known.  The  lengths  of 
the  lines  in  Fig,  51    are   respectively  in  proportion  to  the 


Fig.   50. 
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several    strains    in   Fig.   50,   provided   these  strains 
equilibrium.     Fig.  51  is  termed  a  closed  ptjlyj^on  i»f  force 
A  system  of  such  polygons,  one  for  each  point,  in  the  frame 
where  forces  converge,  so  constructed  that  no  line  repre- 
senting a   force  s^all   he   repeated,  is  termed   a  liiiigram  of 
font's.     This  diagram  of  forces  is  a  reciprocal  uf  the  frame 
from  which  it  is  drawn,  its  lines  and  angles  being  the  same. 
The  facility  of  tracing  the  forces  in  the  diagram   of  forces 
depends  materially  upon  the  system  of  lettering  here  shown, 
and  which  was  ]>roposed  by  Mr.  Bow,  in  his  excellent  work 
on    the    Economics   of    Construction.      In   this    system    each 
line  of  the  frame  is  designated  by  the  two  letters  which  it 
separates  ;  thus  the  line  between  A  and  B  is  called  line  AB\ 
that  between  C  and  D  is  called  line  C D\  and  so  of  others; 
and  in  the  diagram  the  corresponding  lines  are  called  by  the 
same  letters,  but  here  the  tetters  designating  the  line  are,  as 
usual,  at  the  ends  of  the  line.     Any  point  in  a  frame  where 
forces  converge  is  designated   by  the  several  letters  which 
cluster  around  it;  as,  for  example,  in  Fig.  50,  the  point  of 
convergence  there  shown  is  designated  as  point  A  f>  CD. 

This  invaluable  method  of  defining  graphically  the 
strains  in  the  various  pieces  composing  a  frame,  such  as  a 
girder  or  roof-truss,  is  remarkably  simple,  and  is  of  general 
application.  Its  utility  will  ntjw  be  exemplified  in  its  appli- 
cation to  framed  girders,  and  afterwards  to  roof-trusses. 


196.— Framed  Ciilrders. — Girders  of  solid  timber  are  use- 
ful for  the  support  of  floors  only  where  posts  are  admissible 
as  supports,  at  intervals  of  from  8  to  15  feet.  For  unob- 
structed long  spans  it  becomes  requisite  to  construct  a  frame 
to  serve  as  a  girder  {Aris,  163,  182).  A  frame  of  this  kind 
requires  two  horizontal  pieces,  a  top  and  a  bottom  chord, 
and  a  system  of  struts  and  suspension-])ieces  by  which 
the  top  and  bottom  chords  are  held  in  position,  and  the 
strains  from  the  load  are  transmitted  to  the  bearings  at  the 
ends  of  the  girders.  V^arious  methods  of  arranging  these 
struts  and  ties  have  been  proposed.  One  of  the  most  simple 
and  cfTectivp  is  shown  in  Fig.  52,  forming  a  scries  of  isos- 
celes triangles.  The  proportion  between  the  length  and 
height  of  a  girder  is  important  as  an  element  of  economj 
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both  of  space  and  cost.  When  circumstances  do  not  control 
in  limiting  the  height,  it  may  he  dcferrained  by  this  equation 
from  Trattsvcrsc  Strains,  Art.  624 — 


d  = 


2400     ' 


(90.) 


in  which  d  is  the  depth  or  height  between  the  axes  of  the 
top  and  bottom  chords,  and  /  is  the  length  between  the  cen- 
tres of  bearings  at  the  supports  (^/and  /  both  in  feet).  This 
equation  in  words  is  as  follows : 

RhU  LXVI. — To  the  length  add  175  ;  multiply  the  sum 
by  the  length  ;  divide  the  profhict  by  2400,  and  the  quotient 
will  be  the  required  height  between  the  axes  of  the  top  and 
bottom  chords. 

Example. — What  should  be  the  depth  of  a  girder  which 
is  40  feet  long  between  the  centres  of  action  at  the  supports? 
For  this  the  rule  gives — 


d  = 


(175  +  401  >- 40 


-  =  3-58*; 


2400 

or,  the  proper  depth  for  economy  of  material  is  3  tect  and 
7  inches. 

The  number  of  bays,  panels,  or  triangles  into  which  the 
bottom  chord  ma}'  be  divided  is  a  matter  of  some  considera- 
tion.    Usually  girders  from — 

20  to    59  feet  long  should  have    5  bays. 
^H              59   "     85     "                     "  6 

^H             85    •♦   107     "  7 

^B  107   "  127 8      " 

^B       127  "  146  •*  9 

197.— Framed  Olrder  niid  niaeruni  of  Forci'n. — Let  Fig. 
$2  represent  a  framed  girder  of  six  bays  of,  say,  11  feet 
each,  or  of  a  total  length  of  66  feet. 

The  lines  shown  arc  the  axial  lines,  or  the  imaginary  lines 
passing  through  the  axes  of  the  several  pieces  composing  the 
frame.  The  six  arrows  indicate  the  six  pressures  into  which 
the  equally  distributed  load  is  supposed  to  be  divided.  Each 
of  these  is  at  the  apex  of  a  triangle,  the  base  of  which  lies 
along  the  lower  chord. 


^CONSTRUCTION. 


The  spncesDctween  the  arrows  are  letterec 
space  between  the  last  arrow  at  either  end  and  the  point  of 
support  has  a  letter,  and  so  has  each  triangle,  and  there  is 
one  for  the  space  beneath  the  lower  chord.  These  letters 
are  to  be  used  in  describing  the  diagram  of  forces,  as  was 
explained  in  ArL  195.  The  diagram  of  forces  (/^/j(^.  53)  for 
this  girder-frame  is  drawn  as  follows,  namely :  Upon  a  vcrlij 


cal  line  A  iVmark  the  points  A^O,  P,  Q^  R,  S,  and  N,  at  equal 
distances,  to  represent  the  six  equal  vertical  pressures  indi- 
cated by  the  arrows  in  Fig.  53.  The  equal  distances  ./  0^ 
O Pr  etc.,  may  be   made  of  any  convenient  size  ;  but  it  will 


HQ  r 


Fig.  53. 

serve  to  facilitate  the  measurement  of  the  forces  in  the"dJ»- 
gram  if  they  are  made  b}-  a  scale  of  equal  parts,  and  tl^^ 
number  of  parts  given  to  each  division  be  made  equal  to  tMH 
number  of  tuns  of  2000  pounds  each  which  is  contained  tn 
the  pressure  indicated  by  each  arrow.  On  this  vertical  lin^H 
the  distance  A  O  represents  the  load  at  the  apex  of  the  n^^ 
angle  B,  or  the  point  A  OCB  {Art,  195):  the  distance  OP^ 
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fPpmfnts  the  weight  at  the  second  arrow,  or  at  the  point 
OPE  DC,  and  so  of   the  rest.     If  the   weights   upon  the 
jxjirits  in  the  upper  chord  had  been  unequal,  then  the  divi- 
sion of  the  vertical  lineal  ^V  would  have  had  to  be  corre- 
8jX)nflingIy  unequal,  each  division  being  laid  off  by  the  scale, 
lo;iccord  with  the  weight  represented   by  each.     The  line 
0/  loads,  A  .V.  being  adjusted,  the  other  lines  are  drawn  from 
^\Art.  1951,  so  as  to  make  a  closed  j>olygon  for  the  forces 
converging  at  each  point  of  the  frame,  /'Vj,^  52 — commenc- 
ing with   the   point   A  B  T,  Fig.  52,  where   there   are   three 
forces,  namely,  the  force  acting  through  the  inclined  strut 
••f  ^,  the   horizontal   force  in  ^  7*,  and  the  vertical  reaction 
A  7* at  the  point  of  support.     This  last  is  equal  to  half  the 
Entire  load,  or  equal  to  the  pressure  indicated  by  the  three 
arrow*,  A  O,  O  /*,  and  P  Qy  and   is  represented  in  Fig,  53  by 
^  Qov  A  T.     From  the  point  Q  draw  a  horizontal  line  Q  B\ 
t^is  is  parallel  with   the  force  B  T  of  Fig,  52,  in  the  lower 
*^*^c)rd.     From  the   point  //  draw  A  B  parallel  with  the  strut 
^  S*A  Fig.  $2.     This  line  intersects  the  line  B  T  in  Band 
^'^^ses  the  polygon  A  fi  TA  ;  the  point  />' defines  the  length 
^^    the  lines ///>  and  />  7',  and  these  lines  measured  by  the 
lie  by  which  the  line  of  loads  was  constructed  give  the 
^ed  pressures  in  the  corresponding  lines,  A  B  and  B  7", 

'  52. 

Taking  next  the  point  A  SCO,  where  four  forces  meet, 
^^  which  we  already  have   two,  namely,  the  force   in   the 
^mt  A  H  and  the  load  .-/  O — from  the  point  O  draw  the  hori- 
^^inlal  line  O  C ',   this  is  parallel  to  the  horizontal  force  OC 
^f  Fig,  52.    Now  from  //  draw  BC  parallel  with  the  suspcn- 
'^lon-piece  fiCot  Fig.  52.     This  line  intersects  O C'\n  C,  and 
the  point  (Tlimits  the  lines  C^Tand  B  Cand  closes  the  poly- 
Ifon  .4  i^C^W.  the  four  sides  of  which  are  rcsficctively  in 
propcirtion  to  the  four  forces  converging  at  the  point  A  BC  O 
of  Fig.  52,  and  when   measured   by  the  scale  by  which  the 
lina  of  load5  wa.s  constructed  give  the  required  strains  re- 
h.     Taking  next  the  point  BCD  T,  where 
erge,  of  which   we  already   have  two,  B  C 
and  B  7^— from  ^extend  the  horizontal  line  TB  to  D\  from 
Cdow  C r>  j>ar.illel  with  CD  (jf  Fig.  52.  and  extend  it  tf)  in- 
icrwcl  TD  in  D.  and  tluis  cIdsc  the  polvL'ori  T l*  C D  T. 
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The  lines  in  a  part  of  this  polygon  coincide — those  from 
B  to  T',  this  is  because  the  two  strains  B  7"  and  D  T,  fig.  51 
lie  in   the  same  iiorizontal    line.     Again,  taking  the  polni 
OCD EP,  where  five  forces  meet,  three  of  which.  O  P,  0  C. 
and  CD,  we  already  have — draw  from  D  the  line  D  E  parallel 
with  DE  of  Fig.  52,  and  from  /^thc  line  PE  horizontally  or 
parallel  with  P E  ai  Fig.  52.     These  two  lines  intersect  at. 
and  close  the  polygon  PO  C D  E  /\  the  sides  of  which  mt 
ure    the  forces   converging   in  the  point  PO  C D  E,  Fig. 
Next  in  order  is  the  point  />  /:  F  T,  Fig.  52,  where  four  forc< 
meet,  two  of  which,  TD  and  D  E,  are  known.     From  Edni 
i?F  parallel  with  E  Fin  Fig.  52;   and  from    T,  TF  parallel 
with  TF\\\  Fig.  52  ;  these  two  lines  meet  in  F  and  close  the 
polygon  TD  E  F  T,  the  sides  of  which  measure  the  required 
strains  in  the  lines  converging  at  the  point  DEFT,  Fig.  52. 
Taking  next  the  point  PE  FG  Q,Fig.  52,  where  five  forces 
meet,  of  which  we  already  have  three,  QP,  PE.and  EF — 
Irom  /'"draw  a  line  parallel  with  FG  of  Fig.  52,  and  from  Q 
a  line  parallel  with  Q  G  of  Fig.  52.     These  two  intersect  at  *^ 
and  complete  the  polygon  Q P E  F G  Q,  the  lines  of  whic^^ 
measure  the  forces  converging  at  PE  FG  Q  in  Fig.  52. 

fn  this  last  polygon,  a   peculiarity  seems  to  indicate  s*-* 
error:  the  line  FG  has  no  length  ;  it  begins  and  ends  at  tl"*' 
same  point:  or,  rather,  the  polygon  is  complete  without  i^ 
This  is  easily  understood  when  it  is  considered  that  the  tw^* 
lines /^(V  and  G // do  not  contribute  any  strength  towar(i ' 
sustaining   the   loads  PQ  and  Q  R,  and   in   so  far  as  the*^ 
weights  are  concerned  they  might  be  dispensed  with,  an<d 
the  space  occupied  by  the  three  triangles  /'',  G,  and  //  lef^ 
free,  and  be  designated  by  only  one  letter  instead  of  three- 
Thus  it  appears  that  there  are  only  four  instead  of  five  forces 
at  the  point  PE  FG  Q.  and  that  the  four  are  represented  by 
the  lines  of  the  polygon  Q  PE  FQ. 

The  peculiarity  above  explained  arises  from  considering 
loads  onlv  on  the  top  chord ;  the  analysis  of  the  case  is  cor- 
rect as  worked  from  the  premises  given  :  but  in  practice 
there  is  always  more  or  less  load  on  the  bottom  chord  at  the 
middle,  which  should  be  considered.  This  will  be  included 
m  a  case  proposed  in  the  next  article.     One  half  of  the  di 
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gram  of  forces  is  now  complete.  The  other  half  being  ex- 
actly the  same,  except  that  it  is  in  reversed  order,  need  not 
here  be  drawn. 

198. — Franied   Girders:   l.oad   on   Both    Cliordi. — Let 

F^.  54   represent  the  axial  lines   of  a  girder  carrying  an 


Fio.  54- 

equally  distributed  load  on  each  chord,  represented  by  the 
arrows  and  balls  shown  in  the  figure.  Let  each  bay  measure 
'o  feet,  or  the  length  ot  the  girder  be  50  feet,  and  its  height 


Fto.  55. 

be4f  feet.     The  diagram  of  forces  {Fi^.  55)  for  this  girder 
is  obtained  thus : 

The  plan  of  the  girder,  Ft^,  54,  requires  to  be  lettered 
as  shown ;  having  one  letter  within  each  panel  and  outside 
the  frame,  and  one  between  every  two  weights  or  strains. 
Then,  in  Pi^.  55,  mark  the  vertical  line  A'P^at  Z,J/,iV;C?» 
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and  P,  dividing  it  by  scale  Into  equal  parts,  corresponrtin^ 
with  the  weights  on  the  top  chord  represented  by  the  ar- 
rows. For  example,  if  the  load  at  each  arrow  equals  6J 
tons,  make  A' A,  !.  M,  M N,  etc.,  each  equal  to6i  parts  of  the 
scale.  Then  K P  will  equal  the  total  load  on  the  top  flang^c. 
Make  the  distance  P  V  equal  to  the  sum  of  the  loads  on  the 
bottom  chord.  Then  A' /'equals  the  total  load  on  the  ^nr- 
der.  Bisect  A' Fin  U\  then  K U or  fTequals  half  the  lotal 
load  ;  consequently,  equals  the  reaction  of  the  bearing  at  A' 
or  P  of  Fiff.  54. 

Now,  to  obtain   the  polygon  of   forces   converging  at 
K A  U,  Fig.  54,  we  have  one  t>f  these  forces.  A'  [\  or  the  re- 
action of  the  bearing  at  KA  U,  equal  to  A'  L^^  Fig,  55.    From 
^/draw  U A  parallel  with  V A  of  Fig.  54,  and  from  A' draw 
K A  parallel  with  the  strut  K  A,  Fig.  54,  and  intersecting  the 
line  UA  at  -4,  a  point  which  marks  the  limit  of  K  A  and  LA, 
and  closes  the  polygon  A'.-^  UK,  the  sides  of  which  are  in 
proportion  respectively  to  the  three  strains  which  converge 
at  the  point  A  UK,  Fig.  54.    For  example,  since  the  line  KV 
by  scale  measures  the  vertical  reaction,  K  V,  of  the  bearing 
at /I  UK,  Fig.  54,  therefore  the   line  KA  of  the  diagram  of 
forces  by  the  same  scale  measures  the  strain  in  the  strut  A' v^, 
Fig.  54,  and  the  line  A  U o{  the  diagram   b}'  the  same  scale 
measures  the  strain  in  the  bottom  chord  at  A  U,  Fig.  54,  For 
the  strains  converging  at  K  A  B  L,  Fig.  54,  of  which  twO> 
KA  and  A'Z,,  are  already  known,  we  draw  from  A   the  line 
A  B  parallel  with  the  line  A  B,Fig.  54,  and  from  A  draw /,^ 
parallel  with  L  B,  Fig.  54,  meeting  A  B  nt  B,  a.  point  which 
limits  the  two  lines  and  closes  the  polygon  A'.-/ >^  A  A*,  the 
lines  of  which  are  in  proportion  respectively  to  the  strains 
converging  at  the  point  K'A  B  L,  Fig.  54,  as  before  explained. 
Of  the  five  strains  converging  at  U A  B  C  T,  we  already  have 
three — T  {^^  f''.-J,and  A  B]  to  obtain  the  other   two,  make 
('Qequtil  to   /T'  equal  to  the  total   load  up«»n  the  lower 
flange  ;  divide  (^Q  into  four  equal  parts,  QR,  R  S,  ST,  and 
T  U,  corresponding  with   the   four  weights  on   the    lower 
chord,  and   represented   by  the   four  balls,  Fig.  54.     Now, 
from  T,  the  point  marking  the  first  of  these  divisions,  draw 
TC  parallel   with  TC,  Fig.  54,  and  from  B  draw  B  C  pai 
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Irl  with  the  strut  BC,  Fig.  54,  meeting  TC  in  C,  a  point 
tthich  Liraits  (he  lines  B  C  and  TC  and  closes  the  polygon 
TV  A  liC  Ti  the  sides  of  w'hich  arc  in  proportion  respectively 
UjUic  slmins  converging  in  the  point  T  U A  B  C  J\  I'ig,  54. 
01  the  five  forces  converging  at  ML  B  CD,  we  already  have 
three— J/"  A,  L  B,  and  B  C;  to  obtain  the  utlicr  two,  from  M 
Arxvi  M D  parallel  with  M D,  Fig.  $4,  and  from  C  draw  CD 
jKirallcI  with  CD,  Fig.  54,  meeting  MD  at  D,  a  point  limit- 
ing the  lines  J7  D  and  CD  and  closing  the  polygon 
XfLBCDM,  the  sides  of  which  are  in  propK>rtion  to  the 
st;.i!  .crgingat  the  \io\\\l  M L  B  C D,  Fig.  ^^,     Of  the 

fiv  converging    at  the    point  ^ /' £7/? /f,  three — S  T^ 

TC,  and  CI> — are  known ;  to  obtain  the  other  two,  from  S 
iom'  SF  parallel  with  SF,  Fig.  54,  and  from  /)  draw  D £y 

IPirallcl  with  the  strut  DF,  Fig.  54,  meeting  the  line  S£  in 
B,  a  j»oint  limiting  the  two  lines  5-£'and  D  £  and  closing  the 
gon  S  TC D  FS,  the  sides  of  which  arc  in  proportion  to 
strains  converging  at  .V  7' CDF,  Fig.  54.   One  half  of  the 

s^ams  in  F'ig.  54  are  now  shown  in  its  diagram  of  forces.  Fig. 

5S  ;  and  since  the  tw»>  halves  of  the  girder  are  symmetrical, 
^c  forces  in  one  half  corresponding  to  those  in  the  other, 
ci»cc  the  lines  of  the  diagram  for  one  half  of  the  forces 
ay  be  used  for  the  corresponding  forces  of  the  other  half. 

199. — Pmmcd   Cilrdcm:     Dlineniilons   of  Puru. — The 

of  a  framed  girder  are  the  two  horizontal  chords  (top 

[bottom^and  the  diagonals — the  stmts  and  tics.     The  top 

rd  is  in  a  state  of  compression,  while  the  bottom  chord 

iipcricnccs  a  tensile  strain.      Those  of  the  diagonal  pieces 

rhich  have  a  direction  from  the  top  to  the  bottom  chord, 

)d    from  the  middle  towards  one  of  the  bearings  of  the 

ler,  as  KA^  B  C,  or  D  F,  Fig.  54,  arc  struts,  and  arc  sub- 

Ictl  to  compression.     The  diagonal  pieces  which  have  a 

lircctiun  from  the  bottom  to  the  top  chord,  and   from  the 

liddlcf  towards  one  of  the  supports,  as  A  B  or  C  D,  Fig.  54, 

irc   firs,  and    arc   subjected   to   extension,  (.trf.  83).     The 

Itint  of  strain  in  each  piece  in  a  framed  girder  having 

ascertained  in  a  diagram  of  forces,  as  shown  in  Arts, 

1^  and  19S,  the  dimensions  of  each  piece  may  be  obtained 
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by  rules  already  given.  The  dimensions  of  the  pieces  m  i 
state  of  compression  arc  to  be  ascertained  by  the  rules  lor 
posts  in  Ar/s.  107  to  114,  and  those  in  a  state  of  tension  b/ 
A.-/S.  117  to  1 19  (see  Ar/s.  226  to  Z2g),  Care  is  required,  in 
obtaining  the  size  of  the  lower  chord,  to  allow  for  the  joints 
which  necessarily  occur  in  long  ties,  for  the  reason  thai  tim- 
ber is  not  readily  obtained  sufficiently  long  without  splici 
Usually,  in  cases  where  the  length  of  the  girder  is  too  gri 
to  obtain  a  bottom  chord  in  one  piece,  the  chord  is  made 
of  vertical  lamina,  and  in  as  long  lengths  as  practicable,  and 
secured  with  bolts.  A  chord  thus  made  will  usually  require 
about  t\vice  the  material  ;  or,  its  sectional  area  of  cross-sec- 
tion will  require  to  be  twice  the  size  of  a  chord  which  is  in 
one  whole  piece  ;  and  in  this  chord  it  is  usual  to  put  the  fac- 
tor of  safety  at  from  8  to  fO. 

The  diagonal  ties  are  usually  made  of  wrought  iron,  and 
it  is  well  to  secure  the  struts,  especially  the  end  ones,  with 
iroi^  stirrups  and  bolts.  And,  to  prevent  the  evil  effects  0! 
shrinkage,  it  is  well  to  provide  iron  bearings  extending 
through  the  depth  ol  each  chord,  so  shaped  that  the  struts 
and  rods  may  have  their  bearings  upon  it,  instead  of  upon 
the  wood. 

PARTITIONS. 

200. — I>firilif»iifl. — Such  partitions  as  are  required  fi^r 
the  divisions  in  ordinary  houses  are  usually  formed  by  ti"'- 
ber  of  small  size,  termed  stt/i/s  or  joists.  These  arc  placed 
upright  at  12  or  16  inches  from  centres^  and  well  nailed. 
Upon  these  studs  lath  are  nailed,  and  these  are  covered 
with  plastering.  The  strength  of  the  plastering  depends  in 
a  great  measure  ujion  the  clinch  lornietl  by  the  mortar  which_ 
has  been  pressed  through  between  the  lath  That  tl 
clinch  ma}'  be  interfered  with  in  the  least  p«)ssiblc  degree,! 
is  proper  that  the  edges  of  the  pnrtition-juists  which 
presented  to  receive  the  lath  should  be  as  narrow  as  pi 
ticable  ;  those  which  are  necessarily  large  should  be  redu< 
by  chamfering  the  corners.  The  derangements  in  !!( 
plastering,  and  doors  which  too  frequently  disfigure 
interior  of  ])rctcnlious  houses  with    gaping  cracks    in   tf 
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istenng  and  in  the  door-casings  are  due  in  nearly  all  cases 
}  defective  partitions,  and  to  the  shrinkage  of  floor-timbers. 
Ik.  plastered  partition  is  too  heavy  to  be  trusted  upon  an  ordi- 
lary  tier  of  beamS;  unless  so  braced  as  to  prevent  its  weight 
Irom  pressing  upon  the  beams.   This  precaution  becomes  es- 
pecially important  when,  in  addition  to  its  own  weight,  the 
partition  serves  as  a  girder  to  carry  the  weight  of  the  floor- 
beams  next  above  it.     In  order  to  reduce  to  the  smallest 
practicable  degree  the  derangements  named,  it  is  important 
that  the  studs  in  a  partition  should  be  trussed  or  braced  so 
as  lo  throw  the  weight  upon  firmly  sustained  points  in  the 
cotislriiction  beneath,  and  that  the  timber  in  both  partitions 
and  floors  should   be  well  seasoned  and  carefully  framed. 
To  avoid  the  settlement  due  to  the  shrinkage   of  a  tier  ol 
beams, it  is  important,  ma  partition  standing  over  one  in  the 
story  below  or  over  a  girder,  that  the  studs  pass  between 
the  beams   to  the  plate  of  the  lower  partition,  or   to  the 
girder;  and,  to  be  able  to  do  this,  it  is  also  important  to  ar- 
range the  partitions  of  the  several  stories  vertically  over 
C'ich  other.      All  principal    partitions   should   be  of  brick, 
especially  such  as  are  required  to  assist  in  sustaining  the 
floors  of  the  building. 


Fig.  56. 


201. — £x«mplea  of  PartliionK.— /t^.  56  represents  a  par- 
tition having  a  door  in  the  middle.  Its  construction  is  simple 
but  effective.     Fig.  57  shows  the  manner  of  constructing  a 
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partition  having^  doors  near  the  ends.  The  truss  is  formed 
above  the  door-heads,  and  the  lower  parts  are  suspended 
from  it.  Tlie  posts  a  and  b  are  halved,  and  nailed  to  the 
tie  ^r^and  the  sill  ef.    The  braces  in  a  trussed  partitioa 


( 


1 


%s 


iJ 


^  / 


Fi«    57. 


should  be  placed  so  as  to  form,  as  near  as  possible,  an  angle 
of  40  degrees  with  the  horizon.  The  braces  in  a  partition 
should  be  so  placed  as  to  discharge  the  "weight  upon  the 


-i 


)^ 


aiki 


Fiu,  58. 


points  of  support.    All  oblique   pieces   that  fail  to  do  this 
should  be  omitted. 

When  the  principal  timbers  of  a  partition  require  to  be 
large  for  the  purpose  of  greater  strength,  it  is  a  good  pU" 


omit  the  upright  filling-in  pieces,  and  in  their  stead  to 
XX  a  few  horizontal  pieces,  as  in  Fi^,  58,  in  order  that  upon 
r  and  the  principal  timbers  upright  battens  may  be 
Bailed  at  the  proper  distances  for  lathing.  A  partition  thus 
constructed  requires  a  little  more  space  than  others  ;  but  it 
^bas  the  advantage  of  insuring  greater  stability  to  the  pias- 
lering,  and  also  of  preventing  to  a  good  degree  the  conver- 
sation of  one  room  from  being  overheard  in  the  adjoining 
one.  Ordinary  partitions  are  constructed  with  3  >:  4,  3  >.  5, 
Or  4x6  inch  joists,  for  the  principal  pieces,  and  with  2x4, 
2x5,  or  2  >;  6  filling-in  studs,  well  strutted  at  intervals  of 
about  5  feet.  When  a  partitign  is  required  to  support,  in 
addition  to  its  own  weight,  that  of  a  rtotjr  or  some  other 
burden  resting  uj)on  it,  the  dimensions  of  the  timbers  should 
bcascertained,  by  applying  the  principles  which  regulate 
the  laws  of  pressure  and  those  of  the  resistance  of  timber. 
Jiscxplained  in  the  first  part  of  this  section,  and  in  Ar^s.  196 
to  159  for  framed  girders.  The  following  data  may  assist  in 
calculating  the  amount  of  pressure  upf)n  partitions: 

White-pine  timber  weighs  from  22  to  s^  pounds  per  cubic 
'oot,  varying  in  accordance  with  the  amount  of  seasoning  it 
nas  had.  Assuming  it  to  vi'cigh  30  pounds,  the  weight  of 
the  beams  and  floor-plank  in  every  superficial  foot  of  the 
flooring  will  be— 

^  pounds  irlien  the  beams  are  3x8  inches,  and  placed  20  inches  from  centres 

H     -  "  "  3KIO  "  '•  iS 

9  -  «  u  3x12  "  "  16  '• 

I        .1  i.  u  3x12  "  "  12  "  •' 

13        «  "  .«  ^xI2  "  "  12 

Ij       «  „  «  ^^,^  ..  ..  ,^ 

In  addition  to  the  beams  and  plank,  there  is  generally  the 
festering  of  the  ceiling  of  the  apartments  beneath,  and  some- 
times the  deafening.     Plastering  may  be  assumed  to  weigh  9 
>ounds  per  superficial  foot,  and  deafening  1 1  pounds. 
I    Hemlock  weighs  about  the  same  as  white  pine.     A  parti- 
ion  of  3)^4  joists  of  hemlock,  set   12  inches  from  centres, 
hereforc,  will  weigh  about  2\  pounds  per  foot  superficial 
Ud  when  plastered  on  both  sides,  20^  pounds. 
I 
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ROOFS. 

202. — Booft. — In  ancient  Norman  and  Gothic  buildings, 
the  walls  and  buttresses  were  erected  so  massive  and  ftnti 
that  it  was  customary  to  construct  their  roofs  without  a  tie- 
beam,  the  walls  being  abundantly  capable  of  resisting  the 
lateral  pressure  exerted  by  the  rafters.  But  in  modern 
buildings,  usually  the  walls  arc  so  slightly  built  as  to  be  in- 
capable of  resisting  much  if  any  oblique  pressure ;  hence 
the  necessity  of  care  in  constructing  the  roof  so  as  to  avoid 
oblique  and  lateral  strains.  The  roof  so  constructed,  instead 
of  tending  to  separate  the  walls,  will  bind  and  steady  them. 


Fic.  59. 


Fio.  60. 


Fio.  61. 


Fig.  62. 


Fig.  63. 


Fig. 


Fig,  65. 


Fio.  66. 


Fin.  67. 


203. — <^f»m|mrlMon  «f  Rw»r-TrtmKea. — Designs  for  rc 

trusses,  illustrating  various  principles  of  roof  constructiotT 
are  herewith  presented. 

The  designs  at  Fi^.  59  to  63  are  distinguished  from  those 
at  Fi^s.  64  to  67  by  having  a  horizontal  tie-beam.  In  the 
latter  group,  and  in  all  designs  similarly  destitute  of 
horizontal  tie  at  the  foot  of  the  rafters,  the  strains  are  mi 
greater  than  in  those  having  the  tie,  unless  the  truss  be 
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tected  bv  exterior  resistance,  such  as  may  be  afforded  by 
competent  buttresses. 

To  the  uninitiated  it  may  appear  preferable,  in  Fig:  64, 
to  extend  the  inclined  ties  to  the  rafters,  as  shuwn  by  the 
dotted  lines.  But  this  would  not  be  beneficial ;  on  the  con- 
trary, it  would  be  injurious.  The  point  of  the  rafter  where 
the  tie  would  be  attached  is  near  the  middle  of  its  length, 
and  consequently  is  a  point  the  least  capable  of  resisting 
transverse  strains.  The  weight  of  the  nxiting  itself  tends  to 
bend  the  rafter ;  and  the  inclined  tie,  were  it  attached  to  the 
rafter,  would,  by  its  tension,  have  a  tendency  to  increase  this 
bending.  As  a  necessary  consequence,  the  feet  of  the  rafters 
would  separate,  and  the  ridge  descend. 

In /'Tif.  65  the  inclined  ties  are  extended  to  the  rafters; 
but  here  the  horizontal  strut  or  straniing  beam,  located  at 
the  points  of  contact  between  the  ties  and  rafters,  counteracts 
the  bending  tendency  of  the  rafters  and  renders  these  points 
^ble.  In  this  design,  therefore^  and  only  in  such  designs,  it 
is  ^rmissible  to  extend  the  ties  through  to  the  rafters. 
Even  here  it  is  not  advisable  to  do  so,  because  of  the  in- 
creased strain  produced.  (See  Fij^s.  jj  and  79.)  The  design 
m  Fig.  64,  66,  or  6y  is  to  be  preferred  to  that  in  Fig.  65. 

204a— Force  Diagram  :  Load  upon  Eacli  SiupporU— Dy  a 

ilplparison  of  the  force  diagrams  hereinafter  given,  of  each 
^the  foregoing  designSj  we- may  see  that  the  strains  in  the 
trusses  without  horizontal  tie-l>eams  at  the  feet  of  the  rafters 
^1*6  greatly  in  excess  of  those  having  the  tie.  In  constructing 
these  diagrams,  the  first  step  is  to  ascertain  the  reaction  of, 
Or  load  carried  by,  each  of  the  supports  at  tlie  ends  of  the 
truss.  In  symmetrically  loaded  trusses,  the  weight  upon 
■■h  support  is  always  just  one  half  of  the  whole  load. 

205.— ■'•»>*<'*^  Dlogrnm  U%t  Truss   In  Fig,   59. — To  obtain 

the  force  diagram  appropriate  to  the  design  in  Fig.  59,  first 
letter  the  figure  as  directed  in  Art.  195,  and  as  in  Fig.  68. 
Then  draw  a  vertical  line,  F  F  {Fig.  69),  equal  to  the  weight  IV 
kt  the  apex  of  roof ;  or  (which  is  the  same  thing  in  effect) 
Iqual  to  the  sum  of  the  two  loads  of  the  roof,  one  extending 
In  each  side  of  H^  half-way  to  the  foot  of  tlie  rafter.     Di- 
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vide  E  Fmto  two  equal  parts  at  G.  Make  G^Tand  G"Z?eadto 
equal  to  one  half  of  the  weig^ht  iV.  Now,  since  £  O  \s  equal 
to  one  half  of  the  upper  load,  and  G  D  to  one  half  of  thelov 
er  load,  therefore  their  sum,  EG+GD  =  ED,  is  equal  tO 
one  half  of  the  total  load,  or  to  the  reaction  of  each  support, 
E  or  /''.  From  D  draw  DA  parallel  with  DA  of  Ftj^.  68, and 
from  £  draw  EA  parallel  with  EAoi  Fig.  68.  The  three 
lines  of  the  triangle  A  E  D  represent  the  strains,  respectively, 
in  the  three  lines  converging  at  the  point  ADEoiFjg.6%. 
Draw  the  other  lines  of  the  diagram  parallel  with  the  lines  of 


Fig,  6g. 


Fig.  68,  and  as  directed  in  Arfs.  195  and  197,  The  various 
lines  o{  Fig.  .69  will  represent  the  forces  in  the  corresponding 
lines  of  Fig.  68  ;  bearing  in  mind  {Arf.  195.)  that  while  a  line 
m  the  force  diagram  is  designated  in  the  usual  manner  by  t^** 
letters  at  the  two  ends  of  it,  a  line  f»f  the  frame  diagram  is 
designated  by  the  two  letters  between  which  it  passes.  Thus, 
the  horizontal  lines  A  D,  the  vertical  lines  A  B,  and  the  in- 
clined lines  A  E  have  these  letters  at  their  ends  in  Fig.  69, 
while  thcj  pass  between  these  letters  in  Fig.GS. 

206«— Force  Diagram  forTrutK  in  Fig.  60. — For  this  truss 
we  have,  in  Fig.  70,  a  like  design,  repeated  and  lettered  as 
required.  We  here  have  one  load  on  the  tie-beam,  and  three 
loads  above  the  truss:  one  on  each  rafter  and  one  at  the 
ridge.  In  the  force  diagram, /t]^.  71,  make  C//, //y,  and 
.7  A',  by  any  convenient  scale,  equal  respectively  to  the 
weights  G/f,  ii  J,  and  J  K  oi  Fig.  70.  Divide  G  K  into  two 
equal  parts  at  L.  Make  LE  and  /,/^each  equal  to  one  half 
the  weight  E  F  {Fig.  70).     Then  G  Fis  equal  to  one  half  the 
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I,  or  to  the  load  upon  the  support  G  {Art.  205). 
Complete  the  diagram  by  drawijig  its  several  lines  parallel 
with  the  lines  of  Fig.  70,  as  indicated  by  the  letters  (see  Art, 
2051,  commencing  with  G  F,  the  load  on  the  support  G  {Fig, 
70).  Draw  from  F  and  G  the  two  lines  FA  and  G A  paral- 
lel with  these  lines  in  Fig.  70.  Their  point  of  intersection 
defines  the  point  A.  From  this  the  several  points  B,  C,  and 
/'are  developed,  and  the  figure  completed.  Then  the  lines 
mFig.yi  will  represent  the  forces  in  the  corresponding  lines 
oi  Fig.  70,  as  indicated  by  the  lettering.  (See  Art.  195.) 
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Fig.  71. 


207. — Force  Diairram  for  TriiMN'ln  Fig  61. — For  this  truss 

^ve  have,  in  Fig.  72,  a  similar  design,  properly  prepared  by 
"Weights  and  lettering ;  and  in  Fig.  73  the  force  diagram  ap- 
propriate to  it. 

In  the  construction  of  this  diagram,  proceed  as  directed 
in  the  previous  example,  by  first  constructing  NS,  the  ver- 
ticalline  of  weights:  in  which  line  iVC?.  6>P,  PQ,i}  R,tind  R  S 
are  made  respectively  equal  to  the  several  weights  above 
the  truss  in  Fig.  72.  Then  divide  NS  into  two  equal  parts  at  T. 
Make  TA'and  TL  each  equal  to  the  half  of  the  weight  /CL. 
Make  7  A'  and  L  At  equal  to  the  weights  7  K  and  L  M  of  Fig. 
72.  Now,  since  M N  is  equal  to  one  half  of  the  weights  above 
the  truss  plus  one  half  of  the  weights  below  the  truss,  or  half  of 
the  whole  weight,  it  is  therefore  the  weight  upon  the  support 
N  {Fig.  72),  and  represents  the  reaction  of  that  support.  A 
horizontal  line  drawn  from  M  will  meet  the  inclined  line 
drawn  from  N,  parallel  with  the  rafter  A  N  {Fig.  72),  in  the 
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point /I,  and  the  three  sides  of  the  triangle  A  M N,  Fig.  73.  will 
give  the  strains  in  the  three  corresponding  hnes  meetin^j  at 
the  point  A  M N,  Fig.  y2.    The  sides  of  the  triangle  HJSy  Fig. 


73.  give  likewise  the  strains  in  the  three  corresponding  lines 

meeting  at  the  point  HJS,  Fig.-^i.     Continuing  the  con- 
struction, draw  all  the  other  lines  of  the  force  diagram  parallel 


Fig.  73. 

with  the  corresponding  lines  of  Fig.  72,  and  as  directed  in 
Art.  195.  The  completed  diagram  will  measure  the  straiDS 
in  all  the  lines  of  Fig.  72. 
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208*— Force  Diafran  for  TroM  In  Fig.  63. — The  roof 
truss  indicated  at  Fig.  63  is  repeated  in  Fig.  74,  with  the  ad 


Fic.  75. 

dition  of  the  lettering  required  for  the  construction  of  th« 
Jorce  diagram.  Fig.  75. 
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In  this  case  there  are  seven  weights,  or  loads,  above  the 
truss,  and  three  below.     Divide  the  vertical  line  O  V  at  H 
into  two  equal  parts,  and  place  the  lower  loads  in  two  equal 
parts  on  each  side  of  \V.     Owing  to  the  middle  one  of  these 
loads  not  being  on  the  tie-beam  with  the  other  two,  but  on 
the  upi>er  tic-beam,  the  line  G  H^   its  representative  in  the 
force  diaj^ram,  has  to  be  removed  to  the  vertical  ^y,  and 
the  letter  J/  is  duplicated.     The  line  NO  equals  half  the 
whole  weight  of  the  truss,  or  %\  of  the  upper  loads,  plus  one 
of  the  lower  loads,  plus  half  of  the  load  at  the  upper  tie- 
beam.     It  is,  therefore,  the  true  reaction  of  the  support  NO, 
and  ^  A^  is  the  horizontal  strain  in  the  beam  there.     It  will 
be  observed  also  that  while  H M  and  G  M  {Fig.  75),  which 
are  equal  lines,  show  the  strain  in  the  lower  tie-beam  at  the 
middle  of  the  truss,  the  lines  C H  and  FG,  also  equal  but 
considerably  shorter  lines,  show  the  strains  in   the  upper 
tie-beam.     Ordinarily,  in  a  truss  of  this  design,  the  strain  in 
the  ii{>pcr  beam  would  be  equal  to  that  in  the  lower  one, 
which  becomes  true  when  the  rafters  and  braces  above  the 
upper  beam  arc  omitted.     In  the  present  case,  the  thrusts  of 
the  upper  rafters  produce   tension  in  the  upper  beam  equal 
to  CM  or  F M  of  Fig.  75,  and  thus,  by  counteracting  the 
comjjression   in   the   beam,  reduce  it  to  C H  or  FG  oi  the 
force  diagram,  as  shown. 


209. — rorcc  Diagram   Tor  TruM  In  Fig.  64. — The  force 

diagram  fur  the  roof-truss  at  Fig.  64  is  given  in  Fig.  ^7, 
while  Fig.  78  is  the  truss  reproduced,  with  the  lettering 
requisite  for  the  construction  of  Fig.  77. 

The  vertical  F  F^  [Fig.  77)  represents  the  load  at  the 
ridge.  Divide  this  equally  at  JK  and  place  half  the  lower 
weight  each  side  of  IV,  so  that  CD  equals  the  lower 
weight.  Then  FD  is  equal  to  half  the  whole  load,  and 
ccjual  to  the  reaction  of  the  support  £  {Fig,  76).  The  lines 
in  the  triangle  A  D  E  give  the  strains  in  the  corresponding 
lines  converging  at  the  point  A  D  F  of  Fig.  76.  The  other 
lines,  according  to  the  lettering,  give  the  strains  in  tlie  cor- 
responding lines  of  the  truss.     (See  Art,  195.) 


f 
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210. — Foroe  Diagram  for  TruM  in  Fig.  65.— This  truss  is 
reproduced  in  Fig.  78,  with  the  letters  proper  for  use  in  the 
force  diagram,  Fig.  79. 


Fio.  79. 


Here  the  vertical  G  K,  containing  the  three  upper  loads 
^  Jf,  HJt  and  JK^  is  divided  equally  at  W,  and  the  lower 
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load  E  F\s  placed  half  on  each  side  of  U\  and  extends  from  F. 
to  F.  Then  FG  represents  one  hall  of  the  whole  load  of  the 
truss,  and  therefore  the  reaction  of  the  support  G  {Fig.  78). 
Drawing  the  several  lines  of  Fig.  79  parallel  with  the  corre- 
sponding^ lines  of  Fig,  78,  the  force  diagram  is  complete,  and 
the  strains  in  the  several  lines  of  78  are  measured  by  the  cor-_ 
responding  lines  of  79.     (See  Art.  195.) 

A  comparison  of  the  force  diagram  of  the  truss  in  Fig.j€)^ 
with  that  of  the  truss  in  Fig.  78  shows  much  greater  strains 
in  the  latter,  and  we  thus  see  that  Fig.  76  or  64  is  the  more 
economical  form. 


vM 


Fig.  80. 


21  !■ — Force  Dtam^iii  forTrtitt  In  Fig.  66. — This  truss  i^ 
reproduced  and  prepared  by  proper  lettering  in  Fig.  80,  and 
its  force  diagram  is  given  in  Fig.  81. 

Here  the  vertical  7 M  contains  the  three  upper  loads 
y K,  K L,  and  LM,  Divide  y  J/ into  two  equal  parts  at 
(?,  and  make  FG  and  G  H  respectively  equal  to  the  two 
loads  FG  and  G H  of  Fig.  80.  Then  H  J  represents  one 
half  of  the  whole  weight  of  the  truss,  and  therefore  the  reac- 
tion of  the  support  J,  From  H  and  J  draw  lines  par 
allel  with  A  H  and  A  J  of  Fig.  80,  and  the  sides  of  the  tri- 
angle .4 //". 7  will  give  the  strains  in  the  three  lines  concen- 
trating in  the  point  A  H  J  {Fig.  80).     The  other  lines  of  Fig, 
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81  are  all  drawn  parallel  with  their  corresponding  lines  in 
Fig.  80,  as  indicated  by  the  lettering.    (See  Art.  195.) 


Fig.  8r. 


212. — Roor.TroM :  Efltect  of  Elevaf  Inc  the  Tie-Beam. — 

''^^m  Arts.  670^  671,  Transverse  Strains,  it  appears  that  the 


Fig.  84 


effect  of  substituting  inclined  ties  for  the  horizontal  tie  at 
l«ct  of  rafters  is — 
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in  which  /'represents  half  the  weight  of  the  whole  triissaml 
the  load  upoti  it ;  a  +  b=.  hcig^ht  oi  the  truss  at  middle  above 
a  horizontal  line  drawn  at  the  feet  of  the  rafters ;  a  equals 
the  height  from  this  line  to  the  point  whcrr  the  two  inclined 
ties  meet  ;  b,  the  height  thence  to  the  top  of  the  truss; and 
[',  the  additional  vertical  strain  at  the  middle  of  the  truss 
due  to  elevating  the  tie  from  a  horizontal  line. 

Examples  are  given  to  show  that  when  the  elevation  of 
the  tic  equals  \  of  the  whole  height,  the  vertical  strain  there- 
by induced  is  equal  to  a  weight  which  equals  ^  of  half  the 
whole  load  ;  and  that  when  the  elevation  equals  half  the 
whole  height,  the  vertical  strain  is  equal  to  half  the  whole 
load.  This  is  the  strain  in  the  vertical  rod  at  middle.  The 
strains  in  the  rafters  and  inclined  ties  are  proportionately 
increased. 


i 


213. — Planning  a  Roof. — In  designing  a  roof  for  a  build- 
ing, the  first  point  requiring  attention  is  the  location  of  the 
trusses.     These  should  be  so  placed  as  to  secure  solid  bear- 
ings upon  the  walls ;  care  being  taken  not  to  place  either  of 
the  trusses  over  an  opening,  such  as  those   for  windows  or,^ 
doors,  in  the  wall  below.     Ordinarily,  trusses  are  placed  s^| 
as  to  be  centrally  over  tlic  piurs  between  the  windows;  the 
number  of  windows  consequently  ruling  in  determining  the 
number  of  trusses  and  their  distances  from  centres.     This 
distance  should  be  from  ten  to  twent)'  feet;  fifteen  feet  apart 
being  a  suitable  medium   distance.     The  farther  apart  the 
trusses  are  placed,  the  more  they  will  have  to  carr)' :  not 
only  in  having  a  larger  surface  to  support,  but  also  in  that 
the  roof-limbers  will  be  heavier;  for  the  size  and  weight  of 
the  roof-beams  will  increase  with  the  span  over  which  ihcy 
have  to  reach. 

In  the  njof-covering  itself,  the  roof-planking  may  be  laid 
upon  jack-rafters,  carried  by  purlins  sujiported  by  the 
trusses  ;  nr  upon  roof-beams  laid  directly  upon  the  back  of 
the  principal  rafters  in  the  trusses.    In  either  case,  proper 
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Je  provided,  and  set  at  proper  mtervals  to  re- 
sist the  bending' of  tlic  rafter.    In  case  purlinsare  used,  one  of 
t'lese  struts  should  be  placed  at  the  location  of  each  purlin. 
The  number  of  these  p<jints  of  support  rules  largely  in 
<ietermining  the  design  for  the  truss,  thus: 

For  a  short  span,  where  the  rafter  will  not  require  sup. 
port  at  an  intermediate  point.  Fig.  59  or  64  will  be  proper. 

For  a  sj5an  in  which  the  rafter  requires  su|»porting  at  one 
intermediate  point,  take  Fig.  60,  65,  or  66. 

For  a  span  with  two  intermediate  points  of  support  for 
the  rafter,  take  Fig.  61  or  d'j . 

For  a  span  with  three  intermediate  points,  take  Fig.  63. 
Generally,  it  is  found  convenient  to  locate  these  points  of 
Support  at  nine  to  twelve  feet  apart.     They  should  be  suffi- 
ciently close  to  make  it  certain  that  the  rafter  will  not  be  sub- 
ject to  the  possibility  of  bending, 

214". —  Liottd  upon  Roof-Triiss. — ^In  constructing  the  force 
diagram  for  any  truss,  it  is  requisite  to  determine  the  points 
of  the  truss  which  are  to  serve  as  points  of  support  (see 
■Pigs.  70,  72,  etc.),  and  to  ascertain  the  amount  of  strain,  or 
loading,  which  will  occur  at  every  such  point. 

The  points  of  support  along  the  rafters  will  be  required 
to  sustain  the  roofing  timbers,  the  planking,  the  slating,  the 
snow,  and  the  force  of  the  wind.  The  ptiints  along  the  tie- 
.  beam  will  have  to  sustain  the  weight  of  the  ceiling  and  the 
flooring  of  a  loft  within  the  roof,  if  there  be  one,  together 
with  the  loading  upon  this  floor.  The  weight  of  the  truss 
itself  must  be  added  to  the  weig+it  of  roof  and  ceiling. 

215.  — lioad  on  Roof  per  8u|»crflirial  Fnnl.— lo  an)'  im- 
portant work,  each  of  the  items  in  Art.  214  should  be  care- 
fully estimated,  in  making  up  the  load  to  be  carried.  For 
ordinary  roofs,  the  weights  may  be  taken  per  foot  superficial, 
as  follows: 

Slate,  about     7-0    pounds. 

Roof-plank,  "        27 

Roof*beams  or  jack-rafters,       "        2-3  " 


In  all., 


12        pounds. 
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This  is  for  the  superficial  foot  of  the  inclined  roof.  F'jr  tW 
foot  horizontal,  the  luigmentution  of  load  due  to  the  angle  of 
the  roof  will  be  in  proportion  to  its  steepness.  In  ordinary 
cases,  the  twelve  pounds  of  the  inclined  surface  will  not' be 
far  from  fifteen  pounds  upon  the  horizontal  foot. 
For  the  roof-load  we  may  take  as  follows : 


Roofing, 
Roof-truss, 
Snow, 
Wind, 


about     15  pounds. 

5 
"         20  " 

10  " 


Total  on  roof,        50    pounds 

per  square  foot  hnrizontal. 

This  estimate  is  for  a  roof  of  moderate  inclination,  sa' 
one  in  which  the  height  does  not  exceed  ^  of  the  spi 
Upon  a  steeper  roof  the  snow  would  not  gather  so  heaviljr: 
but  the  wind,  on  the  contrary,  would  exert  a  greater  force. 
Again,  the  wind  acting  on  one  side  of  a  roof  may  drift  the 
snow  frotn  that  side,  and  perhaps  add  it  to  that  already 
lodged  upon  the  opposite  side.  These  two,  the  wind  and 
the  snow,  are  compensating  forces.  The  action  of  the  snovr 
is  vertical :  that  of  the  wind  is  horizontal,  or  nearly  so.  The 
power  of  the  wind  in  this  latitude  is  not  more  than  thirty 
pounds  upon  a  superficial  foot  of  a  vertical  surface :  except 
perhaps,  on  elevated  places,  as  mountain-tops  for  example,* 
where  it  should  be  taken  as  high  as  fifty  pounds  per  foot  of 
vertical  surface. 

216. — Load  upon  Tie>Beaiii. — The  load  upon  the  tie- 
beam  must  of  course  be  estimated  according  to  the  requii^ 
ments  of  each  case.  If  the  timber  is  to  be  exposed  to  view/ 
the  load  to  be  carried  will  be  that  only  of  the  tie-beam  and 
the  timber  struts  resting  upon  it.  If  there  is  to  be  a  ceilii^ 
attached  to  the  tie-beam,  the  weight  to  be  added  will  be  in 
accordance  with  the  material  composing  the  ceiling.  If  of 
wood,  it  need  not  weigh  more  than  two  or  three  pounds  per 
foot.  If  of  lath  and  plaster,  it  will  weigh  about  nine  pounds; 
and  if  of  irun,  from  ten  to  fifteen  pounds,  according  to  the 
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thickness  of  the  metal.  A^^ain,  if  there  is  to  be  a  loft  in  the 
roof,  the  requisite  floorintr  may  be  taken  at  five  pounds,  and 
the  load  upon  the  floor  at  from  twenty-five  to  seventy 
pounds,  according  to  the  purpose  for  which  it  is  to  be  used. 

217. — Roor-WeigliiM  ill  Detail. — The  load  to  be  sustained 
by  a  roof-truss  has  been  referred  to  in  the  previous  three 
articles  in  general  terms.  It  will  now  be  treated  rnore  in 
detail.  But  first  a  few  words  regarding;  the  slope  of  the 
roof.  In  a  severe  climate,  roofs  ought  to  be  constructed 
steeper  than  in  a  milder  one,  in  order  that  snow  may  have  a 
tendency  to  slide  off  beiore  it  becomes  of  sufficient  weight 
to  endanger  the  safety  of  the  roof.  In  selecting  the  material 
with  which  the  roof  is  to  be  covered,  regard  should  be  hadi 
to  the  requirements  of  the  inclination ;  slate  and  shingles 
cannot  be  used  safely  on  roofs  of  small  rise.  The  smallest 
inclination  of  the  various  kinds  of  covering  is  here  given, 
together  with  the  weight  per  superficial  foot  of  each. 


Matsihal. 


t.cast  IncUnation. 


Weight  upon  a 
Kiuare  lool. 


Tin , Rise  i  inch  to  a  foot. 

Copper ».. •'     t    "        "     " 

Lead "     2  inches  "     " 

Zinc    .     .,. "     3      '*       "     " 


Short  pine  shinnies. . . . 
Long  cypress  shingles. 
Slate 


ft  (0  li  lbs. 

I    to  i\  " 

4  to  7  " 

ti  to  2 

li  10  2  " 

a    to  3  " 

5  tot)  •' 


The  weight  of  the  covering  as  here  estimated  includes 
the  weight  of  whatever  is  used  to  fix  it  in  place,  such  as 
nails,  etc.  The  weight  of  that  which  the  covering  is  laid 
upon,  such  as  plank,  boards,  or  lath,  is  not  included.  The 
weight  of  plank  is  about  3  pounds  per  foot  superficial  ;  of 
boards,  2  pounds ;  and  lath,  about  half  a  pound- 
Generally,  for  a  slate  roof,  the  weight  of  the  covering,  in- 
cluding plank  and  jack-rafters,  amount';  to  about  12  pounds, 
as  stated  in  Art.  215  ;  but  in  every  case,  the  weight  cif  each 
article  of  the  covering  should  be  estimated,  and  the  full  load 
ascertained  by  summing  up  these  weights. 
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218.  -  Lioad  per  Foot  HorizontAl. — The  weight  ol  the 
covering  as  referred  to  in  the  last  article  is  the  weight  per 
foot  on  the  inclined  surface  ;  but  it  is  desirable  to  know  how 
much  per  foot,  measured  horizontally,  this  is  equal  to.  The 
horizontal  measure  of  one  foot  of  the  inclined  surface  is 
equal  to  the  cosine  of  the  angle  of  inclination.  Then,  to  ob- 
tain the  inclined  measure  corresponding  to  one  foot  horizon- 
tal, we  have — 


COS. 


:/:C  = 


where  /  represents  the  pressure  on  a  foot  of  the  mcJ 
surface,  and  C  the  weight  of  so  much  of  the  inclined  cover- 
ing as  corresponds  to  one  foot  horizontal.  The  cosine  of  an 
angle  is  equal  to  the  base  of  the  right-angled  triangle  divided 
by  the  hypothenuse  (see  Trigonometrical  Terms,  Art.  474). 
which  in  this  case  is  half  the  span  divided  by  the  length  ot 

the  rafter,  or 


rafter. 


', ,  where  s  is  the  span,  and  /  the  length  of  the 
Hence,  the  load  per  foot  horizontal  equals — 


C=-^='^  = 


2// 


cos. 


or,  twice  the  pressure  per  foot  of  inclined  surface  multiplied 
by  the  length  of  the  rafter  and  divided  by  the  span,  both  in 
feet,  will  give  the  weight  per  foot  measured  horizontally. 

219.— Wclglit  of  Trmm.— The  weight  of  the  framed  truss 
will  be  in  proportion  to  the  load  and  to  the  span.  This,  for 
the  weight  upon  a  foot  horizontal,  will  about  equal — 


T  =  0077  Cs\ 


I 


which  equals  the  weight  in  pounds  per  foot  horizontal  to  be 
allowed  for  a  wooden  truss  with  iron  suspension-rods  and  a 
horizontal  tie-beam,  near  enough  for  the  requirements  of  our 
present  purpose ;  where  s  equals  the  length  or  span  of  the 
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tnias,  and  C  the  weig^ht  per  k)ot  horizontal  of  the  roof  cover- 
ing, as  in  equation  (93,).  Substituting  for  6' its  value,  as  in 
(92.),  wc  have — 


T=ooo77s^-A  ; 


T  =  0-0154  Ip  : 


(93.) 


rhich  equals  the  weight  in  pounds  per  foot  horizontal  to 
be  allowed  for  the  truss. 

220.- — Wi'Ighl  of  Snow  on  Roofk. — The  weight  of  snow 

will  be  in  proportion  to  the  depth  it  acquires,  which  will  be 

\\  >rti«jn  to  the  rigor  of  the  climate  of  the  place  where 

'  ling  is  to  be  erected.     Upon  rtK^fs  of  ordinary  incli- 

tiation,  snow,  if  deposited   in  the  absence  of  wind,  will  not 

^'irlcoff;  at  least  until  after  it  has  acquired  some  depth,  and 

'r>cn  the  tendency  to  slide  will  be  in  proportion  to  the  angle 

of  iacUnation.     The  weight  of  snow  may  be  taken,  therefore, 

•t   its  weight  per  cubic  foot  (8  pounds)  multiplied  by  the 

^'c'plh  it  is  usual  for  it  to  acquire.     This,  in   the  latitude  of 

^«w   York,    may    be   taken   at  about  2^  feet.      Its  weight 

'^Ould,  therefore,  be  20  pounds  per  foot  superficial,  meas- 

"*"cd  horizontally. 


221. — EflVi^t  of  Wind  on  Roofti. — The  direction  of  wind 
iiial,  or  nearly  s.o.  when  imobstructed.     Precipitous 
^  118  or  tall  buildings  deflect  the  wind  considerably 

•"oro  its  usual  horizontal  direction.     Its  power  usually  does 
**«!  exceed   30  pounds  per  superficial  foot  except  on  ele- 
^»tcd  places,  where  it  sometimes  reaches  50  pounds  or  more. 
**his  is  ihe  pressure  upon  a  vertical  surface ;  roofs,  however, 
generally  present  to  the  wind  an  inclined  surface.     The  ef- 
fect ol  a  horizontal  force  on  an  inclined  surface  is   in  pro- 
Portion  to  the  sine  of  the  angle  oi  inclination  ;  the  direction 
tjf  this  effect  being  at  right  angles  to  the  inclined  surface. 
The  force  Ihus  acting  may  be  resolved  into  forces  acting  in 
two  directions — the  one  horizontal,  the  otlier  vertical ;   the 
furracr  tending,  in  the  case  of  a  roof,  to  thrust  aside  the  wa'.lj 
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on  which  the  roof  rests,  and  the  latter  acting  directly  on  th* 

materials  of  which  the  roof  is  constructed — this  latter  force 
being  in  }>roportion  to  the  sine  ui'  tlie  angle  of  inclination 
ntuhiplicd  by  the  cosine.     This  will  be  made  clear  by  the 

^  following  explanation.  Re- 
ferring to  F/^.  83,  let  DKE 
be  the  angle  of  inclination 
of  the  roo{,D  E  being  equal 
to  one  foot.  Bisect  DK^X 
A  \  draw  A  L  parallel  with 
Fiu.  83.  EK\  make  A  Z  equal  to  the 

horizotitc'il  pressure  of  the  wind  upon  one  foot  superficial  of 
a  vertical  plane.  Draw  A  C  perpendicular  to  D K,  and  LF 
parallel  with  A  C  from  /^draw  FC  parallel  with  EK\  draw 
A  B  parallel  with  D  E.  The  sides  of  the  triangle  LA  /^rep- 
resent the  three  several  forces  in  equilibrium  :  L  A  is  the 
force  of  the  wind  ;  Z  /^  is  the  pressure  upon  the  roof;  aod 
A  F  is  the  force  with  which  the  wind  moves  on  up  the  roofj 
towards  D.  Now,  tu  find  the  relation  of  the  force  of  th< 
wind  to  the  strain  produced  by  it  in  the  direction  A  C,  we 
have — 

rad.  :  sin.  :  :  FC :  A  C; 

FC  =  LA;  therefore — 

rad.  :  sin.  :  :  LA  :  A  C  =  LA  sin. ; 

A  C  =  F  sin, ; 

or,  the  strain  perpendicular  to  the  surface  of  the  roof  equals 
the  force  of  the  wind  miilti plied  by  the  sine  of  the  angle  of 
inclination.  When  A  C  represents  this  strain,  then,  of  the 
two  forces  referred  to  above,  B  C  represents  the  horizontal 
force,  and  A  B  the  vertical  force.  To  obtain  this  last  force, 
we  have — 

rad.  :  cos.  :  :  A  C :  A  B. 
Putting  for  A  (Tits  value  as  above,  we  have — 

rad.  :  cos.  :  ;  /^sin.  :  A  B  =  Fsln.  cos.; 
y  =  Fsrin,  cos. : 
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or,  the  vertical  effect  is  equal  to  the  product  of  the  force  of 
the  wind  upon  a  superficial  foot  into  the  sine  and  the  cosine 
of  the  angle  of  inclination.  This  result  is  that  which  is  due 
to  the  pressure  of  the  wind  upon  so  much  of  the  inclined 
surface  as  is  covered  by  one  square  foot  of  a  vertical  sur- 
face. The  wind,  acting  horizontally  through  one  foot  super- 
ficial of  vertical  section,  acts  on  an  area  of  inclined  surface 
equal  to  the  reciprocal  of  the  sine  of  inclination,  and  the 
horizontal  measurement  of  this  inclined  surface  is  equal  to 
the  cosine  of  the  angle  of  inclination  divided  by  the  sine. 
This  may  be  illustrated  from  F/*^.  83,  thus — 

sin.  :  rad.  w  DE\DK. 

L>  £  equals  i  foot ;  therefore — 

sin.  :  rad.  :  :  I  :  D  K  =  —. —  ; 

sm. 

or,  the  surface  acted  upon  by  one  square  foot  of  sectional 
area  equals  the  reciprocal  of  the  sine  of  the  angle  of  incli- 
f^ation.  Again,  the  horizontal  measure  of  this  inclined  sur- 
f**-<:e  may  be  obtained  thus — 

n  I-      I'  I-       COS- . 
sm. :  cos.  \  \  D  E  \  K  h  ■=    .  -  \ 

sni. 

^'*,  KEy  the  horizontal  measurement,  equals  the  cosine  of  the 
*«^le  of  inclination  divided  by  the  sine. 

In  the   figure,  make  K  G  equal   to  one  foot ;   then  we 
*^ave— 

K E  :  KG  :  :   V:   W-, 

'**  which  V,  as  above,  represents  the  vertical  pressure  due  to 
^^e  wind  acting  upon  the  surface  KD,  and  W  the  vertical 
pressure  due  to  the  wind  acting  upon  the  surface  KH,  or 
^  much  as  covers  KG,  one  foot  horizontal. 

Now  we  have,  as  above,  K E  equal  to  -r-^.  K  G  =  \,  and 

^  sm. 
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V  =  Fsm,  COS.     Substituting  these  values,  we  have,  inst^3( 
of  the  above  proportion — 


I  I  :  t  F  sin,  cos. :  W: 


from  which — 


COS. 

sin. 


w/        -^  sin.  COS.  .    , 

Iv  = :=  Asm. 

COS. 

sin. 


or,  the  vertical  effect  of  the  wind  upon  so  much  of  the  roof 
as  covers  each  square  foot  horizontal,  is  equal  to  the  pro- 
duct of  the  force  of  the  wind  per  square  foot  into  the  square 
of  the  sine  of  the  angle  of  inclination. 

Example. — When  the  force  of  the  wind  upon  a  square 
foot  of  vertical  surface  is  30  pounds,  what  will  be  the  verti- 
cal eflect  per  square  foot  horizontal  upon  a  roof  the  inclina- 
tion of  which  is  26°  33',  or  6  inches  to  the  foot? 

Here  we  have  F  —  30,  and  the  sine  of  26°  33'  is  0-44698: 
therefore — 

W=  30x0-44698'  =  5  •9937- 
This  is  conveniently  solved  by  logarithms ;  thus— 


log.  30 

0-44698 
0-44698 


1^-4771213 
9.6502868 
9-6502868 


5.9937     =  0.7776949 

or,  the  vertical  efTect  is  (5  -9937,  or)  6  pounds. 

The  form  of  equation  (94.)  may  be  changed  ;  for,  in  a  right- 
angled  triangle,  the  sine  of  the  angle  at  the  base  is  equal  to 
the  perpendicular  divided  by  the  hypothenuse;  which,  in 
the  case  of  a  roof,  is  the  height  divided  by  the  length  of  the 
rafter;  or — 

height        fi 
S"^^  =  T^t^  =  2* 
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Therefore,  equation  (94.J  may  be  changed  to — 


(<>5-) 


or,  the  vertical  effect  upon  each  square  foot  of  a  roof  is  equal 
tx)  the  pro<luct  of  the  force  of  the  wind  per  foot  into  the 
square  of  the  height  of  the  roof  at  the  ridg^e,  divided  hv  the 
square  of  the  Icng^th  of  the  rafter  (the  height  and  length  both 
in  feet.) 

Exampit\  -\\'\\cr\  the  force  of  the  wind  is  30  pounds,  the 
height  of  the  roof  10  feet,  and  the  length  of  the  rafter  22-36 
feet,  what  will  be  the  vertical  effect  of  the  wind?  Here  we 
iiavc  /•  =  30,  h  =  10,  and  /  =  22-36;  and— 


I 


W=  30  X 


10  • 


22-36 


r  =  6. 


222.— Total  Lond  per  Fool  HoHxoiitul. — The    various 

•I e ins  comprising  the  total  load  upon  a  roof  are  the  cover- 
ing, the  truss,  tlic  wind,  snow,  the  plastering  or  other  kind 
Of  ceiling,  and  the  load  which  may  be  deposited  upon  a  floor 
forincd  in  the  roof;  or,  the  total  load — 

"^tic  value  per  fo<jt  horizontal  for  these  has  been  found  as 

^<illows:     C=  — ^:  7-=  o. 01 54//;  JK=  fA\     For  5  the 

^^uc  must  be  taken  according  to  circumstances,  as  in  Art. 
**a  So,  also,  the  value  of  P  and  L  are  to  be  assigned  as 
^t»quired  for  each  particular  case,  as  in  Ar/.  216.  The  total 
*Oad,  therefore^  with  these  substitutions,  will  be — 

^hich  reduces  to — 

(2  \         //' 

-4-o.oi54J-f /J"—  f-S  +  P-f  A;     (96.) 
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in  which  /  i?;  the  length  of  the  rafter ;  p  is  the  weight  of  the 
covering  per  fot^t  superficial,  including  the  roof  boards  or 
slats,  the  jack-rafters,  etc.;  s  is  the  span  of  the  roof;  A  is  the 
vertical  height  above  a  horizontal  line  passing  through  the 
feet  of  the  rafters;  F  is  the  force  of  the  wind  per  square  fool 
against  a  vertical  surface  ;  S  is  the  weight  of  snow  per 
square  foot  horizontal ;  P  is  the  weight  per  superficial  foot 
of  the  ceiling  at  the  tie-beam  ;  and  Z,  the  load  per  superficiid 
foot  in  the  ruuf,  including  weight  of  flooring  and  fl(X»r- 
timbers.  The  dimensions,  j, /,  and  //,  are  each  in  feet;  the 
weight  of  /.  F,  S,  P,  and  /,  are  each  in  pounds.  The  value 
of/  is  for  a  square  foot  of  the  im/inet^  suii:n:e. 

223.^§triitiiii  in  Root^TtinberM  Comi>ittt»<l.— The  graphic 
method  of  obtaining  the  strains,  assht>wn  in  Ar/s.  205  to  211, 
is,  for  its  conciseness  and  simplicity,  to  be  preferred  to  any 
other  method  ;  yet,  on  some  accounts,  the  method  of  obtain- 
ing the  strains  by  the  parallelogram  of  forces  and  by  arith- 
metical computations  will  be  found  useful,  and  will  now  be 
referred  to. 

By  the  parallelogram  of  forces,  the  weight  of  the  roof  is 
in  proportion  to  the  oblique  thrust  or  pressure  in  the  axis  of 
the  rafter  as  twice  the  height  of  the  roof  is  to  the  length  of 
the  rafter ;  or — 

R:  Y::2k:l\ 
or,  transposing — 

"'  (97: 


2h\l\'.R:  r  = 


2h 


^^k 


where  1' equals  the  pressure  in  the  axis  of  the  rafter,  and  K 
the  weight  of  one  truss  and  its  toad.  Again,  the  weight  of 
the  roof  is  in  proportion  to  the  horizontal  thrust  in  the  tie- 
beam  as  twice  the  height  of  the  roof  is  to  half  the  span ;  01 


R'.H::2h'. 


or,  transposing — 


2  4/1 


Wns  shown  geometrically. 

>ere  H  equals  the  horizontal  thrust  in  the  tic-beam.  To 
f'btain  R.  the  weight  of  the  roof,  multiply  M,  the  load  per 
foot,  as  in  equation  (96.),  by  s\  the  span,  and  by  c,  the  dis- 
tance from  centres  at  which  the  trusses  are  placed  ;  or — 

R  =  M  c  s. 


With  this  value  of  R  substituted  for  it,  we  have — 

Mcsl 


H  ^ 


2h 

Mcs* 
4// 


(99-) 


(100.) 


in  which  K  equals  the  strain  in  the  axis  of  the  rafter,  and  H 
the  strain  in  the  tic-beam.  These  are  the  greatest  strains 
in  the  rafter  and  tie-beam.  At  certain  parts  of  these  pieces 
the  strains  are  less,  as  will  be  shown  in  the  next  article. 


224*. — f^lralna  in  Roof-Tlnibertt  Shown  Creomctrtcall}'. — 

The  pressure  in  each  timber  may  be  obtained  as  shown  in 
Fig.  84,  where  A  B  represents  the  axis  of  the  tie-beam,  A  C 
the  axis  of  the  rafter,  D  E  and  F B  the  axes  of  the  braces, 
and  DG,  FE,  and  C  B  the  axes  of  the  suspension-rods.  In 
this  design  for  a  truss,  the  distance  A  B  is  divided  into  three 
equal  parts,  and  the  rods  located  at  the  two  points  of  division, 
G  and  E.  By  this  arrangement  the  ratter  AC\^  supported  at 
equidistant  points,  D  and  F.  The  point  D  supports  the  rafter 
for  a  distance  extending  half-way  to  A  and  half-way  to  F,  and 
the  point  /^sustains  half-way  to  D  and  half-way  to  C.  Also, 
the  point  C  sustains  half-way  to  F,  and,  on  the  other  rafter, 
half-way  to  the  corresponding  point  to  F,  And  because  these 
points  of  support  arc  located  at  equal  distances  apart,  there- 
fore the  load  on  each  is  the  same  in  amount,  i^w  D  G  make 
Da  equal  by  any  decimally  divided  scale  to  the  number  of 
hundreds  of  pounds  in  the  load  on  />,  and  draw  the  parallel- 
ogram abDc,  Then,  by  the  same  scale,  Db  represents 
{Art.  71)  the  pressure  in  the  axis  of  the  rafter  by  the  load  at 
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Fig.  84. 


STRAINS  IN  A  TRUSS. 
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D\  iilso,  Dc  the  pressure  in  the  brace  D E.      Draw  <rf/hori. 
rontal;  chcn  D  J  \h  the  vertical  pressure  exerted  by  the  brace 
DEzi  E.    The  point /'sustains,  besides  the  common  load 
srnted  by  Da^  also  the  vertical  pressure  exerted  by  the 
iCe  DIi;   therefore,  make  Fe  equal  to  the  sum  of  Da  and 
Dd.dxid  draw  the  parallelogram  F gef.     Then  Fg,  meas- 
ured by  the  scale,  is  the  pressure  in  the  axis  of  the  rafter 
caused  by  the  load  at  F,  and  F  f  is  the  load  in  the  axis  of  the 
brace  FB.      Draw  fh  horizontal :  then  Fh  is  the  vertical 
pressure  exerted  by  the  brace  F BdX  B.   Tbe  point  C,  besides 
the  common  load  represented  by  D  a,  sustains  the  vertical 
pressure  Fh  caused  by  the  brace   FB,  and  a  like  amount 
'»"«ra  the  corresponding  brace  on  the  opposite  side.     There- 
fore, make  Cj  equal  to  the  sum  of  Da  and  twice  Fh,  and 
raw  jk  parallel  to  the  opposite  rafter.     Then  Ch  is  the 
Tcssorc  in  the  axis  of  the  rafter  at  C.     This  is  not  the  only 
rcssnrc  in  the  rafter,  although  it  is  the  total  pressure  at  its 
cad  C.    At  the  point  F,  besides  the  pressure  C ^',  there  is 
*/.    At  the  point  D,  besides  these  two  pressures,  there  is 
pressure  D  d.    At  the  foot,  at  A,  there  is  still  an  addi- 
ional  pressure;  for  while  the  point  D  sustains  the  load  half* 
ray  to  /''  and  half-way  to  A,  the  point  A  sustains  the  load 
»alf-way  to  D.     This  load  is,  in  this  case,  just  half  the  load 
It  D.     Therefore  draw  A  m  vertical,  and  equal,  by  the  scale, 
half  of   Da.      Extend    CA  to/;   draw   ml  horizontal. 
*hcn   At  is  the  pressure  in  the   rafter  at  A   caused  by  the 
'^'cight  of  the  roof  from  A  half-way  to  D.     Now  the  total  of 
the  pressures  in  the  rafter  is  equal  to  the  sum  o\  A  i^Db-^ 
/^^  added  to  C k.     Therefore  make  kn  equal  to  the  sum  of 
Al-vDh^  Fg,  and  draw  no  parallel  with  the  opposite  raf- 
ter, and  nj  horizontal.     Then  Co,  measured  by  the  same 
Ic.  will  be  found  equal  to  the  total  weight  of  the  roof  on 
sides  of  C B.     Smce  Da  represents  j.  the  portion  of  the 
weight  borne  by  Ihc  point  A  therefore  Co,  representing  the 
whole  weight  of  the  roof,  should  equal  six  times  Da^  as  it 
docs,  because  D  supports  just  one  sixth  of  the  whole  load. 
Since  C  n\%  the  total  oblique  thrust  in  the  axis  of  the  rafter 
it  its  foot,  therefore  nj  is  the  horizontal  thrust  in  the  tie- 
beam  at  A. 
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225.— Appllealfoit  afihe  Oeometrlcnl  Sj-stem  ofStralnt.- 

The  strains  in  a  rotjf-truss  can  lie  ascertained  gconictricallY, 
as  shown  m  Arf.  224.     To  make  a  practical  application  o( 
the  results,  in  any  particular  case,  it  is  requisite  first  to  as- 
certain the  load  at  the  head  of  each  brace,  as  represented  by 
the  line  Da,  Fig.  84.     The  load  corresponding  to  any  part 
of  the  roof  is  equal  to  the  product  of  the  superficial  area  of 
that  particular  part   (measured  horizontaHy)  multiplied  bv  J 
the  weight  per  square  foot  of  the  roof.     Or,  when  M  equalfH 
the  wcicrht  per  square  foot,  c  the  distance   from  centres  at^ 
which  the  trusses  are  placed,  and  n  the  horizontal  distance 
between  the  heads  of  the  braces,  then  the  total  load  at  the 
head  of  a  brace  is  represented  by — 


N  =  Men. 


(lOI.) 


The  value  of  M  is  given  in  general  terms  in  equation  (96.). 
To  show  its  actual  value,  let  it  be  required  to  find  the  weifjhl 
per  square  foot  upon  a  root  52  feet  span  and  13  feet  high  at 
middle  ;  or  {Fig.  S4),  where  A  B  equals  half  the  space,  or  26 
feet,  and  CB  13  feet,  then  .4  C,  the  length  of  the  rafter,  will 
be  26-069,  nearly.  And  where  the  weight  of  covering  per 
square  foot,  on  the  inclination,  Js  12  pounds,  the  force  of  the 
wind  against  a  vertical  plane  is  30  pounds ;  the  weight  of 
snow  per  ftiot  horizontal  is  20  pounds :  the  weight  of  the 
plastering  forming  the  ceiling  at  the  tie-beam  is  9  pounds: 
and  the  load  in  the  roof  is  nothing  ; — with  these  quantities 
substituted,  equation  (96.)  becomes — 

Af  =  20-069  X  r2  ( --  +  00154)  +30^ — ^^ —  +  20  +  0+0 
\52  /  29-069 

M  =  (29-069  X   12  X  0-05386)  +  (30  X  0-2)  +  20  +  9; 

M  =  18-788  +  6+  29  =  53-788: 

or,  say,  53^8  pounds.  Then  if  c  the  distance  from  centres 
between  trusses,  is  10  feet,  and  n,  the  distance  between 
braces,  is  one  third  of  A  /?,  Fig.  84,  or  ^  =  8  J,  the  total  load 
at  the  head  of  a  brace  will  be,  as  per  equation  (101.) — 

JV  —  53-8  X  10  X  8f  =  4663; 
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or,  sa}*,  4650  pounds.  Now,  by  any  decimally  divided  scale, 
make  D  a.  J'ig.  84,  equal  to  464  parts  of  the  scale  :  this  being 
the  number  of  hundreds  of  pouiids  contained  in  the  weight 
at  /?,  as  above.  Then,  by  the  same  scale,  the  several  linear 
in  the  figure  drawn  as  before  shown  will  be  toitnd  to  repre- 
sent respectively  tlie  weights  here  set  opposite  tu  them,  as' 
follows  : 


D(i=ida-=.hc  =  23^,  and  represents  2325  pounds; 

Da  —  dc  —  hf=Fh~A^  "        4650 

Dc  — Db  — Al  — Fg—  i^2  "         5200 

Fc=Da^Dd^(>^\  "         6975 

/^/  =  65|  ••         6575 

Cj  -^  iD  a=  I39i  "  13950 

C K  =  i  D  b  —  K^t  *•  15600 

C n  ~C k-\-Fg^ Db->r  A  I— i\2    "  31200 
Cu  =  Ck-i'inb  =  6/)b=2Ci^ 

=  312  "  31200        " 

aVj  =  Co  =  6  Da  =  6x 46^  =  279  "  27900        " 

It  should  be  observed  here  that  the  equality  of  the  lines  nj 
and  Co  is  a  coincidence  dependent  upon  the  relation  which 
in  this  particular  case  the  line  C B  happens  to  bear  to  the 
line  A  B:  A  B  being  equal  to  twice  C B,  And  so  of  some 
other  lines  in  the  figure.  If  the  inclination  of  the  roof  were 
made  greater  or  less,  the  equality  of  the  lines  referred  to 
would  disappear.  It  should  also  be  observed  that  the  strains 
above  found  are  not  quite  exact ;  the}*  are,  however,  correct 
to  within  a  fraction  of  a  hundred  pounds,  which  is  a  suffi- 
ciently near  approximation  fttr  the  purpose  intended.  Fnmi 
the  results  obtained  above,  we  ascertain  that  the  strain  in 
the  rafter,  from  /^to  C  is  represented  by  C K,  and  is  equal 
to  15,600  pounds;  while  the  strain  at  the  foot  of  the  rafter, 
from  A  to  D,  is  represented  by  C  n,  and  equals  31,200 pounds, 
or  double  that  which  is  at  the  head  of  the  rafter.  We  ascer- 
tain, also,  that  the  maximum  strain  in  the  tie-beam,  repre- 
sented by  nj,  is  27.900  pounds;  that  that  in  the  brace  />£, 
represented  by  Dc,  is  5200  pounds;  and  that  that  in  the 
brace  F  B,  represented  by  Ff,  is  6575  pounds.     The  strain 


^ 
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in  the  vertical  rod  DG  is,  theoretically  nothing.  There  is. 
however,  a  small  strain  in  it,  for  it  has  to  carry  a  part  of  the 
tie-beam  and  so  much  of  the  ceiling  as  depends  for  support 
nptjn  that  ]>art.  But  the  manner  of  locating  the  weig^hts, 
adopted  in  this  article,  docs  not  recognize  any  l(»ad  hjcatcd 
at  the  point  G,  This  is  an  objection  to  this  system,  but  il 
is  not  material. 

For  a  recognition  of  weights  at  the  tie-beam,  sec  Artu 
205  to  211.  The  load  at  G  may  be  found  by  obtaining  the 
product  of  the  surface  carried  into  the  weight  per  foot  of 
the  ceiling;  or,  say,  ior«  =  \qk  iox  8|  =  867  pounds. 
The  load  to  be  carried  by  the  rod  F E  is  shown  at  Dii  —  ki, 
which  above  is  found  to  be  2325  pounds.  To  this  is  to  be 
added  '^f^'j  pounds  for  the  ceiling  at  £,  as  before  found  for  the 
ceiling  at  G\  or,  together,  3192  pounds.  The  central  rod 
C B  has  to  carry  the  two  loads  brought  to  B  by  the  two 
brace:^  footed  there ;  and  also  the  weight  of  the  ceiling  sup- 
ported by  B.  The  vertical  strain  from  the  brace  F  B  is  rep- 
resented at  F/i,  and  equals  4650  pounds ;  therefore,  the 
total  load  on  CB  is  4650  +  4650  +  867  =  10,167  pounds. 

226.— Rfkor-Titubortt:  tlio  Tit-BcBm.— The  roof-timber* 
comprised  in  the  truss  shown  in  Fi^-.  84  are  the  rafters, 
tie-beam,  two  braces,  and  three  rods.  Of  these,  taking  first 
the  tie-btam,  we  have  a  piece  subject  to  tension  and  some 
times  t^  cross-strain  (see  Art.  682,  Transverse  Strains).  In 
this  case  the  tensile  strain  onlv  need  be  considered.  For 
this  a  rule  is  given  in  Art.  1 1".  In  this  rule,  if  the  factor  of 
safety  be  taken  at  20.  the  result  will  be  sufficiently  large  to 
allow  for  necessary  cuttings  at  the  joints.  Therefore,  if  the 
beam  be  of  Georgia  pine,  equation  (16.),  Art.  1 17,  becomes — 

.        27000  X  20  - 

A  =    -^ =  34I ; 

16000  -^  " 


or,  say,  35  inches.  This  is  ample  to  resist  the  tensile  strain; 
but.  to  resist  the  transverse  strains  to  which  such  a  long 
piece  of  timber  is  subjected  in  the  hands  of  the  workman, 
it  would  be  proper  to  make  it,  say,  6x9. 


STRAIN   UPON   THE  RAFTER. 

227. — The  RaRer. — A  rafter,  like  a  post,  is  subject  to  a 
coriipressivc  force,  and  is  liable  to  fail  in  three  ways,  name- 
ly :  bv  Hcxure,  b_v  being  crushed,  or  by  crushing  the  material 
ag^ainst  which  it  presses.  To  render  it  entirely  safe,  there- 
lore,  it  is  requisite  to  ascertain  the  requirements  for  resisting 
i.iilurc  in  each  of  these  three  ways. 

or  these  it  will  be  convenient  to  consider,  first,  that  of 
'lie  liability  to  being  crushed.  The  rule  for  this  is  found  in 
i  '^t.  107.  Let  the  rafter  be  of  Georgia  pine,  then  the  value 
of  C,  Tabic  I.»  will  be  9500.  The  strain  in  the  rafter  {Art, 
325)  is  31,200  pounds.  Now,  taking  the  value  of  a,  the  fac- 
tor of  safety,  at  to,  we  have,  by  Rule  ^'^  yAn.  107.) — 

31200  X  10 

or,  33  Inches  area  of  cross-section.  This  is  the  size  of  the 
''after  at  its  smallest  section;  for  example,  at  any  one  of  the 
i'oints  where  it  is  customary  to  reduce  the  area  by  cutting 
^o»"  the  struts  and  rods. 

Again :  Let  the  liability  of  the  rafter  to  flexure  be  now 
^•^^nsidercd.  For  this  we  have  a  rule  in  Art.  114.  The 
**^»igth  of  the  rafter  between  unsupported  points  is  nearly  9I 
t.  or  9I  X  12  =  116  inches.  Let  the  thickness  of  the  rafter 
taken  at  6  inches.  Then,  by  Rule  XL  \^Art.  1 14),  wc 
^ve— 


.  __  >^^^(t-^  i^O  _  31200  X  10(1 -t- fx    ooiooxr*). 
*"  C  t  ~  9500  X  6 


/       116 


I9i'  =  373  •«. 


Then.  }  k  -00109  x  373*8  =  061 1127 
adding  unity  =  i  • 

I -61 1 127 


ibsutuung  this,  wc  have — 


31200X  iQx  1611127      502671-624 
*  = x^-^^*; —  — vzzri —  =  8-819  ; 


9$00x6 


57000 


J 
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or,  to  resist  flexure  the  breadth  is  required    to  be  8-82. 
say,  9  iuches  ;  or,  the  rafter  is  to  be  6  >.  9  inches  at  the  ff 
The  strain  in  the  rafter  at  the  upper  end  is  only  half  that 
the  foot  :  the  area  of  cross-section,    therefore,  at  the  he 
need  not  be  more  than  half  that  which  is  required  at  ill 
foot;  but  it  is  usual  to  make  it  there  about  I  of  the  sizeati 
foot.     In  this  case  it  would  be,  therefore,  6x6  inches  atth« 
upper  end. 

Lastly,  the   requirennent  to  resist  crushing  the  surfaccs_ 
against  which  the  rafter  presses  is  to  be  considered. 

The    fibres   of   timber   yield  much    more  readily  \vh( 
pressed  tog^ether-by  a  force  acting  at  ri^/i/  afigies  to  the  d{* 
rection  of  their  length  than  when  it  acts  in  a  tine  with  their 
length. 

The  value  of  timber  subjected  to  pressure  in  these  two 
ways  is  shown  in  .J/Yi.  94,  98.  In  Table  I.,  the  value  per 
square  inch  of  the  first  stated  resistance  is  expressed  by  P, 

C 

and  the  ultimate  resistance  of  the  other  by  — .     The  value 

•'    a 

of  timber  per  square  inch  to  safely  resist  crushing  may  be 

C 
pressed  by  — ,  in  which  a  is  the  factor  of  safety.     Tim 


pressed  in  an  oblique  direction  will  resist  a  force  exceeding 

C 
that  expressed  by  P,  and  less  than  that  expressed  by  — • 

When  the  angle  of  inclination  at  which  the  force  acts  is  just 

C 
45°,   then  the   force  will  be  an  average  between  P  and  — . 

And  for  any  angle  of  inclination,  the  force  will  vary  inverse- 
ly as  the  angle  ;  approaching  P  as  the   angle  is  enlarged, 

c 

but  approaching  —  as  the  angle  is  diminished.     It  will  be 

C 
equal  to  —  when    the  angle   becomes  zero,   and  equal    P 

when  the  angle  becomes  90°.     The  resistance  of  timber  per 
square  inch  to  an  oblique  force  is  therefore  expressed  by— 


90  \  tf        / 


NCE   OF   SURFACES, 
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equals  the  complement  of  the  angle  of  inclination. 
In  a  roof,  A°  is  the  acute  angle  lormeci  by  the  rafter  with 
!•  vertical  line.  If  no  convenient  instrument  be  at  hand  to 
Pleasure  the  angle,  describe  an  arc  upon  the  plan  of  the 
liuss — thus  :  with  C  B  {Fig.  84)  for  radius,  describe  the  arc 
l^ S,  and  get  the  length  of  this  arc  in  feet  by  stepping  it  off 
with  a  pair  of  dividers.     Then — 

-r  =  0-6317; 

where  k  equals  the  length  of  the  arc,  and  //  equals  B  C,  the 
height  of  the  roof.     Therefore — 

k  (C 


M=P^o.6^l\{L-P) 


(103-) 


equals  the  value  of  timber  per  square  inch  in  a  tie-beam,  C 
and  Z' being  obtained  from  Tabic  I.,  Ar/.  ^.  When  C  for 
the  kind  of  wood  in  the  tie-beam  exceeds  C  set  opposite  the 
kind  of  wood  in  the  rafter,  then  the  latter  is  to  be  used  in 
the  rules  instead  of  the  former. 

The  value  of  J/,  equation  (103.),  is  the  resistance  per 
square  inch  of  the  surface  pressed  at  ihe  foot  of  the  rafter. 
The  resistance  of  the  entire  surface  will  therefore  beJ/A, 
where  A  equals  the  area  of  the  joint.  Then,  when  the  re- 
sistance equals  the  strain,  we  will  have — 

Jf^=.S  =  .l[/^  +  o.63i|(f-/')]^ 
from  which  we  have- 
A^ 


S 


^.o.63,f(^-;>)-  004.) 


in  which  S  is  the  strain  to  be  resisted. 

Now,  the  end  of  the  rafter  must  be  of  sufficient  size  to 
afford  a  joint  the  area  of  which  will  not  be  less  than  that 
expressed  by  A  in  equation  (104,). 

For  example,  the  strain  to  which  the  rafter,  /'/§".  84,  is 
subject  at  its  foot  is  ascertained  to  be  {Art.  225)  31 ,200  pounds. 
For  Georgia  pine,  the  material  of  the  tie-beam,  P  =  goo 
{Art.  94,  Table  /.),  and  ^  =  9500. 
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The  length  of  the  arc  Bg-  is  about  I4'4  feet:  the  hejgr 
BCh  13  feet.      Let  a,  the  factor  of  safety,  be  taken  at  lO, 
then  we  have  (104.) — 

31200 


A  = 


900  +  (0-631  X   J^)  (1^-900)' 


A  = 


3T200 


900-f  (0-705  X  50) 


33-36; 


or,  the  superficial  area  of  the  bearing  at  the  joint  required 
to  prevent  crushing  the  tie-beam  is  33^  inches. 

The  results  of  the  computations  show  that  the  rafter  is 
required  to  be  6  inches  thick,  9  inches  wide  at  the  foot,  and 
6  inches  wide  at  the  tup.  It  is  also  ascertained  that,  in  cut- 
ting for  the  bearing  for  the  struts  and  boring  for  the  sus 
pension-rods,  it  is  required  that  there  shall  be  at  least  Sf' 
inches  area  of  cross-section  left  intact :  and,  farther,  that  the 
area  of  the  surface  of  the  joint  against  the  tie-beam  should 
not  be  less  than  33^^  inches. 

228. — The  Brnccii. — Each  brace  is  subject  to  coinprf5- 
sion.  and  is  liable  to  fail  if  too  small,  in  the  same  manner  as  the 
rafter.  Its  size  is  to  be  ascertained,  therefore,  in  the  manner 
described  for  the  rafter :  which  need  not  be  here  repeated, 
except,  perhaps,  as  to  the  liability  to  fail  by  flexure  ;  lor  in  this 
case  we  have  the  breadth  given,  and  need  to  find  the  thick- 
ness. The  breadth  of  the  brace  is  fixed  by  the  thickness  of 
the  rafter,  for  it  is  usual  to  have  the  two  pieces  flush  with 
each  other.  Rule  XI.  {Art,  114)  is  to  be  used,  but  with  this 
difference,  nainely  :  instead  of  the  thickness,  use  the  breadth 
as  one  of  the  factors  in  the  divisor.    Thus — 


/  = 


Cb 


(105.) 


In  working  this  rule,  it  is  required,  in  order  to  get  the 
value  of  r,  the  ratio  between  the  height  and  thickness,  to 
assume  the  thickness  before  it  is  ascertained  :  and  after  com- 
putation, if  the  result  shows  that  the  assumed  value  was  not 
a  near  approximation,  a  second  trial  will  have  to  be  made 
Usually  the  first  trial  will  be  sufficient. 


'Strain  upon  br^vces. 
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For  example,  the  brace  D  E  is  about  9I  feet  or  116  inches 
if>n^r.  As  the  strain  in  it  is  only  5200  pounds,  the  thickness 
will  probably  be  not  over  3  inches.     Assuming  it  at  this,  we 

ha.'vc  r—  -=  ^Y^  —  38! ;  the  square  of  which  is  about  1495. 

TVfccrcfore,  we  have — 

IXOOOI09X  1495  =  2.4445 

add  unity  =  i^ 

3-4445 
ic  equation  reduces,  therefore,  to  this — 


/  = 


5200  X  iox.3-4445 


=  31424; 


9500x6 

or*  the  required  thickness  of  the  brace  is  i\  inches,  or  the 
br^cc  should  be,  say,  3^  x6  inches.  In  this  case  the  result  is 
so  near  the  assumed  value,  a  second  trial  is  not  needed. 

For  the  second  brace,  we  have  the  length  equal  to  about 
I  2^  feet  or  147  inches;  and  the  strain  equal  to  6575  pounds 
{y^rt.  225).  The  ratio,  therefore,  may  be  obtained  by  assum- 
ing the  thickness,  say,  at  4.     With  this,  we  have — 

r  =  -=A|i  =  36.75 ;    the  square  of  which  is   i35(>iV* 

'^ith  this  value  of  r* — 

i  X  -00109  X  I350|\  =  2-2081 
add  unity  =  i. 


Th 


«5»»— 


/  = 


6575  x  10  <  3 '308 


3.2081 


-=3-7006. 


9500  X  6 

C^omparing^  this  result  with  the  assumed  value  of  /  =  4, 
**^  find  the  difference  so  great  as  to  require  a  second  trial. 
^  ^hc  value  nf  r  was  taken  too  low,  the  result  obtained  is 
^'^^tspoodingly  low.  The  true  value  is  somewhere  between 
3*?  and  4.  Assume  it  now.  say,  at  3*9.  With  this  value,  wc 
hax-^_ 


/      147 
r= -s= —t^ 5=37.692  ;    the  square  of  which  is   1420-7. 


eio 
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With  this  value  of  r*— 


Then — 


f  X  •00109  ^  1420-7  =  2 •  32282 
add  unity  =  1  • 

3-32282 


6575x10x3.32282 
t  = r^TT — ^ =  3-833. 


9500x6 


This  resuU  is  a  trifle  less  than  the  assumed  value,  3-9.    The 
true  value   is  between  these,  and  probably  is  about  3- 
This  is  quite  near  enough  Tor  use.     This  brace,  therefore,  is 
required  to  be  3-86x6  inches,  or,  say,  4x6  inches, 

229.— The  Su«peiiJiiou-Bo<ii. —These  are  usually  made  of 
wrought  iron.  This  metal,  when  of  excellent  quality,  ni^y, 
be  safely  trusted  with  12,000  pounds  per  inch  sectional  area. 
But  it  is  usual,  for  good  work,  to  compute  the  area  at  onlj 
9000  pounds  per  inch,  and,  as  ordinaril)'  made,  these  rols 
ought  not  to  be  loaded  with  more  than  7000  pounds.  The 
strain  divided  bv  this  value  per  inch  uf  the  metal  will  giv< 
the  sectional  area  of  cross-section.  For  example,  the  strain  i( 
the  rod  DG,  Fig.  84,  is  867  pounds  (/ir/.  225);  therefore— 

,       867 
A  —  — -  —  0-124; 

7000  ^'  — 

or,  the  sectional  area  required  is  only  an  eighth  of  an  inc 
By  reference  to  the  table  of  areas  of  circles  in  the  Appen- 
dix, the  diameter  of  a  rod  containing  the  required  area,  as 
above,  will  be  found  to  be  a  little  less  than  half  an  inch.  A 
rod  half  an  inch  in  diameter  will  therefore  be  of  ample 
strength.  For  appearance's  sake,  however,  no  rod  in  a  truss 
should  be  less  than  }  of  an  inch  in  diameter. 

The  rod  FE  has  to  resist  a  strain  of  3192  pounds, 
this,  then,  we  have — 

^=i!9?  =  0.456, 
7000        ^^ 

A  reference  to  the  table  of  areas  shows  that  a  rod  contfiin- 
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sarea  would  be  a  little  more  than  J  of  an  inch  in  di* 
arneier;  it  would  be  of  ample  strength,  say,  at  f  of  an  inch 
'"  diameter. 

The  rod  C  B,  at  the  centre,  has  to  carry  a  strain  of  10,167 
,   Pounds.     For  this.  then,  we  have — 

10167 

A  = =  1-452. 

7000  ^^ 

A  reference  to  the  table  of  areas  shows  that  this  rod  should 
be  i\  inches  in  diameter. 

230. — Koof-Bcnnifi,  Jnck-RHftPr<i.  and  Pnrllnit. — These 

timbers  arc  subject  to  Itjads  nearly  uniformly  tlistributed, 
and  their  dimensions  may  be  obtained  by  Rule  XXX.,  equa- 
tion {'^i.\,  Art.  140.  In  this  equation,  U  —  c  f  I  {Art.  152). 
Substituting  this  value  for  f/,  and  r  /  for  tf,  equation  (35.)  be- 
comes— 

^^E  \'OFr 

f    and  putting  for  r  the  rate  of  deflection,  .04,  we  have — 


bd'  = 


064F* 


a  formula  convenient  for  roof-timbers. 

Example. — In  a  roof  where  the  roofing  is  to  be  supported 
on  white-pine  roof-beams  10  feet  long,  placed  2^  feet  from 
centres,  and  where  the  load  per  foot  superficial  is  to  be  40 
pounds,  including  wind  and  snow :  what  should  be  the  di- 
mensions of  the  roof-beams?     By  equation  (106.)— 


^^•  =  : 


40  X  2i  y  10* 


=  538-8. 


0^064x2900 
Now  if  by  the  breadth,  be  fixed,  say,  at  3,  then — 

^•  =  ^^  =  1796; 
</=  5-64  nearly. 
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The  roof-beams,  therefore,  require  to  be  3  x  5I,  or,  say,  3  >  6. 
All  pieces  of  limber  subject  to  cross-strains  will  sustain 
safely  much  greater  strains  when  extended  in  one  piece  over 
two,  three,  or  more  distances  between  bearings  ;  therefore, 
roof-beams,  jack-rafters,  and  purlins  should,  if  possible,  be 
lade  in  as  long  lengths  as  practicable  ;  the  roof-beams  and 
purlins  laid  on,  not  framed  into,  the  principal  rafters,  and 
extended  over  at  least  two  spaces,  the  joints  alternating  un 
the  trusses ;  and  likewise  the  jack-rafters  laid  on  the  purlins 
in  long  lengths. 

231.— Five  ExBinplMi  of  Rooft :  are  shown  at  Figs.  85,86. 
87,  88,  and  89.    In  Fi^,  85,  a  is  an  iron  susf)ension-rod,  b,  ^are 

braces.  In  Fig.  86,  a,  a,  and 
b  are  iron  rods,  and  d,d,c,i 
are  braces.  In  Fig.  87,  <;, 
are  iron  rods,  d,  d  braces,  and 
c  the  straining  beam.  IflfS 
Fig.  88,  a,  a,  b,  b  are  iron  rods, 
In  Fig.  89,  pur- 


-iVfii. 


1] 


Fig.  85. 
t,  f,  </,  */  are  braces,  and  c  is  a  straining  beam 


Fig.  86. 


6ryv, 


Fig.  87.  H 

\\y\%  arc  located  at  PP,  etc. ;  the  inclined  beam  that  lies  upon 
t'li'tn  is  the  jack-rafter;  the  post  at  the  ridge  is  the  king- 


ttJSS   WITH   BUILT-RIB. 

post,  the  others  are  queen-posts.    loth 
is  increased  in  height  along  the  middle  by  a  strcnj 
piece  {ArL  163),  for   the   purpose  of  sustaining   ai 
weight  placed  in  the  room  form- 
ed in  the  truss  {Arf.  216), 

Fig.  90  shows   a   method   of 
constructing   a    truss   having   a 
bmlt-rib    in    the    phice    of   prin- 
cipal rafters.     The  proper  form 
for  the  curve  is  that  of  the  par- 
abola {Arf.    560).      This   curve, 
^V'hen  as  flat  as  is  described    in 
the  figure,  approximates  so  close- 
ly to  that  of  the  circle  that  the 
latter  may  be  used   in  its  stead. 
The  height,  a  b,  is  just   half  of 
ac,  the  curve    to  pass   through 
the  middle  of  the  rib.     The  rib 
is  composed   of    two    series  of 
abutting  pieces,  bolted  together. 
These  pieces  should   be  as  long 
as  the  dimensions  of  the  timber 
will  admit,  in  order  that   there 
may  be  but  few  joints.     The  sus- 
pending  pieces    are    in    halves, 
notched  and    bolted    to  the  tie- 
beam  and    rib,  and   a   purlin    is 
framed  upon  the    upper  end  of 
each.     A  truss  of  this  construc- 
tion   needs,  for  ordinary  roofs, 
no  diagonal  braces  between  the 
suspending  pieces,  but  if   extra 
strength   is  required  the  braces 
may  be  added.     The  best  place 
for  the  suspending  pieces  is  at 

the  joints  of  the  rib.  A  rib  of  this  kind  will  be  sufficiently 
strong  if  the  area  of  its  section  contain  about  one  fourth 
more  timber  than  is  required  for  that  of  a  rafter  for  a  roof 
of  the  same  size.  The  proportion  of  the  depth  to  the  thick- 
ness should  be  about  as  10  to  7. 
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232. — Roof-Truii   wllb    Elevuled   Tlc-Beam.— Desig 

such  as  are  shown  in  Fi^.  91  have  the  tie  elevated  forthea^^ 
cohimodation  of  an  arch  in  the  ceiling.  This  and  alJ  siraibr 
designs  are  seriously  objectionable,  and  should  always  be 


M 


^ 


37  yv'/. 


Fig.  89. 


avoided ;  as  the  smati  height  gained  by  the  omission  of  the 
tie-beam  can  never  compensate  for  the  powerful  latei^ 
strains  which   are  exerted  by  the  oblique  position  of  tn^ 


FlG.  go. 


supports,  tending  to  separate  the  walls.  Where  an  arch  is 
required  in  the  ceiling,  the  best  plan  is  to  carry  up  the 
walls  as  hiq^h  as  the  top  of  the  arch.  Then,  by  ushig  a 
horizontal  lic-berim,  the  oblique  strains  will  be  entirely  re* 


HIP-ROOFS. 
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Bwyed.  It  is  well  known  that  many  a  public  building  has 
been  all  but  ruined  by  the  settling  of  the  roof,  consequent 
upon  a  defective  plan  in  the  formation  of  the  truss  in' this 
respect.     It  is  very  necessary,  therefore,  that  the  horizontal 


Fig.  91. 


tie-beam  be  used,  except  where  the  walls  are  made  so  strong 
and  firm  by  buttresses,  or  other  support,  as  to  prevent  a 
possibility  of  their  separating.    (See  Art.  212.) 


233. — lllp.Booft:  UuM  aad  Bevil*. — The  lines  a  b  and 
*f,  in  Fig.  92,  represent  the  walls  at  the  angle  of  a  building: 
*  r  is  the  seat  of  the  hip-rafter,  and  gfoi  a  jack  or  cripple 
nJter.    Draw  e  k9t  right  angles  to  bc^  and  make  it  equal 


to  the  rise  of  the  roof;  join  d  and  //,  and  h  b  will  be  the 
length  of  the  hip-rafter.  Through  e  draw  di  at  right  angles 
to  be,  upon  b,  with  the  radius  /;//,  describe  the  arc  A»V 
cutting  di  in  i\  join  b  and  /,  and  extend^/ to  meet  bi'xaji 
then  gj  will  be  the  length  of  the  jack-rafter.  The  length 
of  each  jack-rafter  is  found  in  the  same  manner^by  extend- 
ing its  seat  to  cut  the  line  b  i.  From  _/"draw  fk  at  right 
angles  to/j^,  also//  at  right  angles  to  ^^ ;  make//' equal 
to//  by  the  arc  /A\  or  make  g  k  equal  to  gj  by  the  arc  jk; 
then  the  angle  at  /  will  be  the  top-bevil  of  the  jack-rafters, 
and  the  one  at  j^  will  be  the  douftt-bevii.* 

234-. — TUe  Barking  of  the  IIIp-Rafler. — At  any  con- 
venient place  in  bf  (Fig.  92),  as  ^,  draw  m  n  at  right  angles  to 
be\  from  o,  tangical  to  b  h,  describe  a  semicircle,  cutting  ^^ 
in  J ;  join  m  and  s  and  n  and  s\  then  these  lines  will  form  at 
s  the  proper  angle  for  bevilling  the  top  of  the  hip-rafter. 

DOMES.f 

235. — Dome*. — The  usual  form  for  domes  is  that  of  tbc 
sphere;  the  base  circular.   When  the  interior  dome  does  r»*>l 


Fro.  93. 


rise  too  high,  a  horizontal  tie  may  be  thrown  across,  bj 
which  any  degree  of  strength  rciiuired  may  be  obtained 


•  The  length*  and  bevils  of  rafters  for  tool-va/Uys  can  also  be 
above  process. 

t  Sec  also  Art.  68. 


fouod  hy  tb^     ^H 
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\^^i''9i  shows  a  section,  and  Fs^.  94  the  plan,  of  a  dome  of 
ihls  kind,  «a^  being  the  tie-beam  in  both.  Two  trusses  of 
thisJcind  {Fi^.  93),  parallel  to  each  other,  arc  to  be  placed 
one  on  each  side  of  the  opening  in  the  top  of  the  dome. 
Upon  these  the  whole  framework  is  to  depend  for  support, 


Fig.  94. 

'<!   their  strength   must  be  calculated  accordingly.    (.Sec 

*''.».  70  to  80  and  214  lo  222.)     If  the  dome  is  large  and  of 

'I>ortajice,  two  other  trusses  may  be  introduced  at  right 

^Slcs  to  the  foregoing,  the  tie-beams  being  preserved  in 


% 


X^ 


Flo.  gj. 


^*c  continuous  length  by  framing  them  high  enough  to  pass 
Drer  the  others, 

236.— Ribbed  Domv. — When  the  interior  must  be  kept 
free,  then  the  framing  may  \>c  composed  of  a  succession  of 
ribs  standing  upon  a  continuous  circular  curb  of  timber,  as 
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seen  at  Figs.  95  and  96 — the  latter  being  a  plan  an» 
a  section.  This  curb  must  be  well  secured,  as  ii  serves  1 
the  place  of  a  tie-beain  to  resist  the  lateral  thrust  of  the  ril 
In  small  domes  these  ribs  may  be  easily  cut  from  \vi« 
plank ;  but  where  an  extensive  structure  is  required,  they 
must  be  built  in  two  thicknesses  so  as  to  break  joints^  in  the 
same  manner  as  is  described  for  a  roof  at  Art.  231.  The 
should  be  placed  at  about  two  feet  apart  at  the  base, 
strutted  as  at  a  in  Fig.  95. 


FtG.  96. 

The  scantling  of  each  thickness  of  the  rib  may  be  as 
lows : 

For  domes  of  24  feet  diameter,  1    >:    8  inches. 

"   36      ''  "  li  X  10      •• 

'♦        "        *'   60      '•  "  2    X  13       ** 

u   ^      ..  ..  2|x  13       " 

"         "         "  108      "  "  3    X  13 


237. — Damv:  Curve  af  Equlltbrliim. — The  surfaccsof 

dome  may  be  finished  la  any  curve  that  may  be  desired,  but 
the  framing  should  be  constructed  of  such  form  that  the 
curve  of  iquilihriitvi  shall  be  sure  to  pass  through  the  middle 
of  the  depth  of  the  framing.  The  nature  of  this  curve  is 
such  that,  if  an  arch  or  dome  be  constructed  in  accordance 
with  it,  no  one  part  of  the  structure  will  be  less  capable  than 
another  of  resisting  the  strains  and  pressures  to  which  the 
whole  fabric  may  be  exposed.  The  curve  of  equilibrium  for 
an  arched  vault  or  a  roof,  where  the  load  is  equally  diffi 


EQUILIBRIUM. 

orer  the  whole  surface,  is  that  of  a  parabola  (Arf.460)',  for 
a  dome  havings  no  lantern,  tower,  or  cupula  above  it,  a  cubic 
parabola  {Fig:  97) :  and  for  one  having  a  tower,  etc.,  above  it, 
a  curve  approaching  that  of  an  hyperbola  must  be  adopted, 
as  the  greatest  streng^th  is  required  at  its  upper  parts.  If 
the  curve  of  a  dome  be  circular  (as  in  the  vertical  section, 
/7)f.95),  the  pressure  will  have  a  tendency  to  burst  the  dome 
Outwards  at  about  one  third  of  its  height.  Therefore,  when 
this  form  is  used  in  the  construction  of  an  extensive  dome, 
an  iron  band  should  be  placed  around  the  framework  at 
that  height ;  and  whatever  may  be  the  form  of  the  curve,  a 
band  or  tie  of  some  kind  is  necessary  around  or  across  the 
base. 
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Fic.  97. 

If  the  framing  be  of  a  form  less  convex  than  the  curve  of 
equilibrium,  the  weight  will  have  a  tendency  to  crush  the 
ribs  inwards,  but  this  pressure  may  be  effeclually  overcome 
by  strutting  between  the  ribs;  and  hence  it  is  important 
that  the  struts  be  so  placed  as  to  form  continuous  horizontal 
circles. 


238* — Cubic  Parabola  Computed. — Let  a  b  {Fig.  97)  be 
the  base,  and  be  the  height.  Bisect  a  b  at  r/,  and  divide  ad 
into  too  equal  parts;  of  these  give  d c  26,  ef  l^\,fg  Vd\,gh 
\2\,  ft  i  lOf,  /y  9i,  and  the  balance,  8|,  \.oja\  divide  be  into 
8  equal  parts,  and  from  the  points  of  division  draw  lines 
p.arallel  to  n  b,  to  meet  perpendiculars  from  the  several  points 


To  find  the  curves  for  the  ribs  of  an  eUiptical  dome.  1( 
abed  {f'ig.  98)  be  the  plan  of  a  dome,  and  r/  the  seat  of 
one  of  the  ribs.  Then  take  r/for  the  transverse  axis  and 
twice  the  rise,  ag^  of  the  dome  for  the  conjugate,  and  d©- 
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Krite  (nccordlng  to  Ar/s.  548.  549.  etc)  the  serai-ellipse 
«'//,  which  will  be  the  curve  required  for  the  rib  ^^/.  The 
other  ribs  arc  found  in  the  same  mannen 


240. — -f^ferlnv  for  a  SpberlcMl  Dome. — To  find  the 
sliape,  let  A  i/'^g^gg)  be  the  plan,  and  />  the  section,  of  a  given 
dome.  From  a  draw  a  c  at  right  angles  to  a  ^ :  find  the 
'ilrctch-out  {Ar/.  524)  of  o l>,  and  make  Je  equal  to  it;  divide 
the  arc  v  b  and  the  line  d  t  each  into  a  like  number  of  equal 
parts,  as  5  (a  large  number  will  insure  greater  accuracy  than 
a  small  onc> :  upon  r,  through  the  several  points  of  division 
•n  td,  describe  the  arcs  o d o,  1  c  \,  2/2,  etc. ;  make  do  equal 
to  half  the  width  of  one  of  the  boards,  and  draw  os  parallel 


or:  join  5  and  <i,  and  from  the  points  of  division  in  the  arc 
drop  perpendiculars,  meeting  a  sxnijkl;  from  these 
^ioinls  draw  t  4.J  $>  etc.,  parallel  to  ^i- ;  make  do^e  \^  etc.,  on 
^hc  lower  side  of  a  c,  equal  to  do,  e  1,  etc.,  on  the  upper  side ; 
^mcc  a  curve  through  the  points  o,  1,2,  3.  4,  <■,  on  each  side 
^idc\  then  oc o  will  be  the  j>roper  shape  for  the  board.  By 
dividing  the  circumference  of  the  base  A  into  equal  parts, 
9od  r;    '  fhc  bottom.  0  d  o,  of  the  board  of  a  size  equal  to 

ui   L  parts,  every  board  may  be  made  cjf  the  same 

In  the  same  manner  as  the  above,  the  shape  of  the 
•CT  for  sections  of  another  form  may  be  found,  such  as 

au    ,^  . .  cove,  etc. 

To  find  the  curve  of  the  boards  when  laid  in  horizontal 
mrses.  let  A  /iC{Fi^.  \o6\  be  the  section  of  a  given  dome, 


iB^i 
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and  D  B  its  axis.     Divide   BC  into  as  many  parts  as  there  | 
are  to  be  courses  of  boards,  in  the  points  i,  2,  3,  etc. ;  through 
I  and  2  draw  a  line  to  meet  the  axis  extended  attf;  then*] 
will  be  the  centre  for  describing  the  edges  of  the  board  h 
Through  3  and  2  draw  3  b;  then  b  will  be  the  centre  for  de- 


// 


Fig.  loi. 

scribing  F.  Through  4  and  3  draw  ^d\  then  </ will  be  the 
centre  for  G,  B  is  the  centre  for  the  arc  \  0.  If  this  method 
is  taken  to  find  the  centres  for  the  boards  at  the  base  of  the 
dome,  they  would  occur  so  distant  as  to  make  it  impracti- 
cable ;  the  following  method  is  preferable  for  this  purpose! 
G  being  the  last  board  obtained  by  the  above  method,  ex- 
tend the  curve  of  its  inner  edge  until  it  meets  the  axis,  D^^m 


Ji^fc 


8N=^^. 


in  €\  from  3,  through  e,  draw  3/,  meeting  the  arc  AB'Wi 
join /and  4,/ and  5,  and  /and  6,  cutting  the  axis,  D B,  ini,  «. 
and  in  ;  from  4,  5,  and  6  draw  lines  parallel  to  A  £7  and  cutting 
the  axis  \nc,p,  and  r ;  make  c  dfiFig.  101)  equal  tor4  in  the  pre- 
vious figure*  and  cs  equal  to  c  s  also  in  the  previous  figur^^ 
then  describe  the  inner  edge  of  the  board  //,  according  ^| 
Art.  516;  the  outer  edge  can  be  obtained  by  gauging  from   ' 
the  inner  edge.     In  like  manner  proceed  to  obtain  the  n( 
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cing/  5  for  half  the  chord,  and  /  v  for  the  height 
of  the  segment.  Should  the  segment  be  too  large  to  be  de- 
scribed easily,  reduce  it  by  finding  intermediate  points  in  the 
curve,  as  at  Ar/.  515. 

241, — Polygonal  Dome:  Form  of  Anj|le*Rib. — To  ob- 
tain the  shape  of  this  rib,  let  A  G  H  {Fjg,  102)  be  the  plan  of 
a  g^iven  dome,  and  £7  X*  a  vertical  section  taken  at  the  line 
ff.  From  1,  2,  3,  etc,  in  the  arc  CD  draw  ordinates,  paral- 
lel to  yi  Z?,  to  meet /C";  from  the  points  of  intersection  on 
/G  draw  ordinates  at  right  angles  to/G";  make  j  i  equal 
Xo  0  I,  s  2  equal  to  o  2,  etc.;  then  G/B,  obtained  in  this  way, 
will  be  the  angle-rib  required.  The  best  position  for  the 
sheathing-boards  fur  a  dome  of  this  kind  is  horizontal,  but  if 
they  are  required  to  be  bent  from  the  base  to  the  vertex, 
their  shape  may  be  found  in  a  similar  manner  to  that  shown 
at  Fi^.  99. 


Fig.  103 


242. — Brldgeft. — Of  plans  for  the  construction  of  bridges, 
perhaps  the  following  arc  the  most  useful.  1'':^.  103  shows  a 
method  of  constructing  wooden  bridges  where  the  hanks 
of  the  river  are  high  enough  to  permit  the  use  of  the  tic- 
beam,  ad.  The  upright  pieces,  f  (/,  are  notched  and  bolted 
on  in  pairs,  for  the  support  of  the  tie-beam,  A  bridge  ol 
this  construction  exerts  no  lateral  pressure  upon  the  abut- 
ments. This  method  may  be  employed  even  where  the  banks 
of  the  river  are  low,  by  letting  the  timbers  for  the  roadway 
rest  immediately  upon  the  tie-beam.  In  this  case  the  irame- 
work  above  will  serve  the  purpose  of  a  railing. 
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Ft^.  104  exhibits  a  wooden  bridge  without  a  tie-bcatr. 
Where  staunch  buttresses  can  be  obtained  this  method  may 
be  recommended  ;  but  if  there  is  any  doubt  ol  ttieir  stabilityj 
it  should  not  be  attempted,  as  it  is  evident  that  such  a  sys- 
tem of  framing  is  capable  of  a  tremendous  lateral  thrust. 


^ 


Fig.   104. 


243, — BrUlffCR:  Biif It-Rib. — Fig,  105  represents  a  bridge 
with  a  built-rib  (see  Art.  231)  as  a  chief  support.  The  curve 
(»r  ctpiitibrium  will  not  differ  much  from  that  of  a  parabtila- 
lliis,  thfrrftirc,  may  be  used — especiall}^  if  the  rib  is  made 


Fig.  J05. 

j^rachially  a  little  strong^er  as  it  approaches  the  buttresses. 
As  il  is  (U'sintblc  that  a  bridge  be  kept  low,  the  Inllowing 
tabic  is  given  lu  show  the  least  rise  that  may  be  given  to  the 
rib.  _i 
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The  rise  should  never  be  made  less  than  this,  but  in  all 
caiies  greater  \i  practicable  :  as  a  small  rise  requires  a  greater 
quaotity  of  timber  to  make  the  bridj^e  equally  stronjj.  The 
greatest  uniform  weight  with  which  a  bridge  is  likely  to  be 
loaded  is,  probably,  that  of  a  dense  crowd  of  people.  This 
may  be  estimated  at  70  pounds  per  square  foot,  and  the  fram- 
ings and  gravelled  roadway  at  230  pounds  more;  which 
an^  '  to  300  pounds  on  a  square  foot.  The  following 
riii  ,1  upon  this  estimate,  may  be  useful  in  determining 

the  area  of  the  ribs. 

/iuU  LXVII.— Multiply  the  width  of  the  bridge  by  the 
square  of  half  the  span,  both  in  feet,  and  divide  this  pro- 
duct by  the  rise  in  feet  multiplied  by  the  number  of  ribs: 
tHc  quotient  multiplied  by  the  decimal  o-ooii  will  give  the 
**"eaof  each  rib  in  feet.  When  the  roadway  is  onlv  planked, 
wsc  the  decimal  00007  instead  of  O'OOii 

Example. — What  should  be  the  area  of   the   ribs  for  a 

l>ridgc  of  200  feet  span,  to  rise  15  feet  and  be  30  feet  wide. 

■^'^ith  three  curved  ribs  ?    The  half  of  the  span  is  100,  and 

*^s    square  is  loooo;  this  multiplied  by  30  gives  300000,  and 

•5   multiplied  by  3  gives  45;    then  300000   divided  by  45 

RT^vcs  66663.  which  niultiplied  by  o-ooil  gives  7*333  feet  or 

^056  inches  for  the  area  of  each  rib.     Such  a  rib  may  be  24 

'tiches  thick  by  44  inches  deep,  and  composed  of  6  pieces, 

2  in  width  and  3  in  depth. 

The  above  ndc  gives  the  area  of  a  rib  that  would  be 
^tquisite  to  support  the  greatest  possible  unififrm  hxid. 
But  in  large  bridges,  a  variahli'  load,  such  as  a  hcavv  wagon, 
is  eatable  of  exerting  much  greater  strains ;  in  such  cases^ 
therefore,  the  rib  should  be  made  larger.* 

In  constructing  these  ribs,  if  the  s|>anbcnot  over  50  feel, 
each  rib  may  be  made  in  two  or  three  thicknesses  of  timber 
(three  thickn'  Tcfcrablct.  of  convenient  lengths  bolted 

together;  but  'T  spans,  where  the  rib  will   be  such  as 

to  render  it  difficult  to  procure  timber  of  sufficient  breadth, 
ill  hn  constructed  by  bending  the  pieces  to  the  proper 

t  ;  boltin^^'-  them  together.      In  this  case,  where  Urn- 
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ber  of  sufficient  len^h  to  span  the  opening^  cannot  be  ob- 
tained, and  scarfing  is  necessar}'.  such  joints  nuist  be  made 
as  will   resist  both  tension  and  compression  (see  fig.  114)*] 
To  ascertain  the  greatest  depth  for  the  pieces  which  comj 
the  rib.  so  that  the  process  of  bendinor  may  not  injure  ihcir' 
elaslicity,  nuiltiplv  the  radius  of  curvature   in   feet  bv  the 
decimal  0-05,  and  the  product  will  be  the  depth  in  inches. 
Example. — Suppose  the  curve  of  the  rib  to  be  described 
witlia  radius  of  lOO  feet,  then  what  should  be  the  depth?   The 
radius  in  feet,  100,  multiplied  by  O'OS   gives  a  product  of  5 
inches.      White  pine  or  oak  timber  5   inches   thick  would 
freely  bend  to  the  above  curve  ;  and  if  the  required  depth 
of  such  a  rib  be  20  inches,  it  would  have  to  be  composed  of  at 
least  4  pieces.     Pitch  pine  is  not  quite  so  elastic  as  white 
pine  or  oak— its  thickness  may  be  found  by  using  the  deci- 
mal 0-046  instead  of  0-05. 


><r^ 


*^ 
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244. — Bridges;   Frampd  Rib,— In   spans   of    over   2jO 
feet,  i\  framtd  rib,  as  in  Fig.  106,  would  be  preferable  to  the 
foregoing.     Of  this,  the  upper  and  the  lower  edges  are 
formed  as  just  described,  by  bending  the  timber  to  the  proper 
curve.     The  pieces  that  tend  to  the  centre  of  the  curve, 
called  raiiials,  are  notched  and  bolted  on  in   pairs,  and  the 
cross-braces  are  halved  together  in  the  middle,  and  abut  end 
to  end  bciwccn  the  radials.     The  distance  between  the  ribs 
of  a  bridge  should  not  exceed  about  8  teet.     The  roadway 
should  be  supported  by  vertical  standards  bolted  to  the  ribs 
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at  about  every  10  to  15  feet.     At  the  place  where  they  rest 

on  the  ribs,  a  double,  horizonial  tie  should  be  notched  and 

boltcti  on  the  back  of  the  ribs,  and  also  another  on   the  ui:- 

ticrsidc  ;  and  diagonal  braces  should  be  framed  between  the 

statuiards,  over  the  space  between  the   ribs,  to  prevent  lat- 

ffal  motion.     The  timbers  for  the  roadway  may  be  as  light 

a*  tlicir  situation  will  admit,  as  all  useless  timber  is  only  an 

unnecessary  load  upon  the  arch. 

246. — Bridge*:  Roadway.— If  a  roadway  be  18  feet 
wide,  two  ciirriagcs  c:ni  jjass  without  inconvenience.  Its 
Width,  therefore,  should  be  either  9,  18,  27,  or  36  feet,  ac- 
cording to  the  amount  of  travel.  The  width  of  the  foot- 
p  '  "  >idd  l)e  two  feet  for  every  person.  When  a  stream 
'•  r   has  a  rapid  current,  as  few   piers   as   practicable 

should   be  allowed   to  obstruct  its   course ;  otherwise  the 
"^Hrlge  will  be  liable  to  be  swept  away   bv  freshets.     When 
*^^»o  span  is  not  over  300  feet,  and. the  banks  of  the  river  are 
^t   soRicicnt  height  to  admit  of  it,  only  one  arch  should  be 
^ti ployed.     The  rise  of  the  arch  is  limited   by  the   form  of 
*Hc  roadway,  and  by  the  height  of  the   bvinks  of  the  river 
^*Cc  Art.  243).     The  rise  of  the  roadway  should  not  exceed 
^^c  in  24  feet,  but  as  the  framing  settles  ab<nit  one  in  72.  the 
*'oadvpay  should  be  framed  to  rise  one  in  18,  that  it  may  be 
^it»e  in  24  after  settling.     The  commencement  of  the  arch  at 
^hc  abutments — the  spring,  as  it   is  termed — should  not  be 
low  hijjh-waler  mark  :  and  the  bridge  should  be  placed  at 
ffat  angles  with  the  course  of  the  current. 


146.  -Brtdifc*:  At»uim<*nia,^ — The  best  material  for  the 
abutments  and   piers  ol  a  bridge   is  stone;    and    no   other 
should  be  used.     The  following  rule  is  to  determine  the  ex- 
it of  the  abutments,  they  being  rectangular,  and  built  with 
>nc  weighing  120  pounds  to  a  cubic  foot. 
RiUe  LXVIll  —Multiply  the  square  of  the  height  of  the 
mlmcnt  bv  160.  and  divide  this  product  by  the  weight  of  a 
|uarc  foot  of  the  arch,  and  by  the  rise  of  the  arch  ;  add 
xity  to  the  quotient,  and  extract  the  square  root.      Dimin- 
ish the  square  root  by  unity,  and  multiply  the  root  s  t  dimin- 
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ished  by  half  the  span  of  the  arch,  and  by  the  welghtol 
square  foot  of  the  arch.  Divide  the  last  product  b)'  i 
times  the  height  of  the  abutment,  and  the  quotient  will 
the  thickness  of  the  abutment. 

Rxamplf. —  Let  tiic  height  of  the  abutment  from  the  base 
to  the  springing  of  the  arch  be  20  feet,  half  the  span  100  fd 
the  weight  of  a  square  foot  of  the  arch,  including  the  greal 
est  possible  load  upon  it,  300  pounds,  and  the  rise  of  the  a 
i8  feet:   what  should  be  its  thickness?    The  square  of  t 
height  of  the  abutment,  400,  multiplied  by   160  gives  64000, 
and  300  by   18  gives  5400;  64000  divided  by  5400  gives  a 
quotient  of    11-852;   one  added  to  this  makes   12-852,  the 
square  root  of  which  is  3-6;  this,  less  one  is  2-^\  this  mul- 
tiplied by  100  gives  260,  and  this  again  by  300  gives  78000: 
this  divided  by  120  times  the  height  of  the  abutment.  2400, 
gives  32  feet  6  inches,  the  thickness  required. 

The  dimensions  of  a  pier  will  be  found  by  the  same  rule: 
for,  although  the  thrust  of  an  arch  may  be   balanced  bv  an 
adjoining  arch  when  the  bridge  is  finished,  and  while  it  rt- 
mains  uninjured,  yet,  during  the  erection,  and  in  the  event 
of  one  arch  being  destroyed,  the  pier  should  be  capable  ot 
sustaining  the  entire  thrust  of  the  other- 
Piers  are  sometimes  constructed  of  timber  their  princi- 
pal strength  depending  on   piles  driven  into  the  earth;  bul 
such  piers  should  never  be  adopted  where  it  is  possible  to 
avoid  them  ;  for,  being  alternately  wet  and  dry,  they  deciy 
much  sooner  than  the  upper  parts  of  the  bridge.     Spruo 
and  elm  are  considered  good  for  piles.     Where  the  hei 
from  the  bottom  of  the  river  to  the  roadway  is  great,  it  i 
good  plan  to  cut  them  off  at  a  little  below  low-water  ma! 
cap  them  with  a  horizontal  tie,  and  upon  this  erect  the  p 
for  the  support  of  the  roadway.     This  method  cuts  off 
part  that  is  continually  wet   from   that  which   is  only  oci 
sionally  si>,  and  thus  affords  an  opportunity  for  replacing  the 
upper  part.     The   pieces    which  are  immersed  will  last^f 
great  length  of  time,  especially  when  of  elm  :  for  it  islP 
well-established  fact  tliat  timber  is  less  durable  when  subject 
to  alternate  dryness  and  moisture  than  when  it  is  either  con- 
tinually wet  or  continually  dry.    It  has  been  ascertained  that 
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piles  u rider  London  Bridge,  after  havin<>;  been  driven 
about  600  years,  were  not  materially  decayed.  These  piles 
are  chiefly  of  elm,  and  wholly  immersed. 

247. — Centre*  for  Stone  Bridges. — fij^,  107  is  a  design 
for  a  centre  for  a  stone  bridge  where  intermediate  supports, 
as  piles  driven  into  the  bed  of  the  river,  are  practicable.  Its 
timbers  are  so  distributed  as  to  sustain  the  weight  of  the 
arch-stones  as  they  are  being  laid,  without  destroying  the 
original  form  of  the  centre  ;  and  also  to  prevent  its  destruc- 
tion or  settlement,  should  any  of  the  piles  be  swept  away. 
The  most  usual  error  in  badly-constructed  centres  is  that 
the  timbers  are  disposed  so  as  to  cause  the  framing  to 
rise  at  the  crown  during  the  laying  of  the  arch-stones  up 


Fio.  107. 

tne  sides.  To  remedy  this  evil,  some  have  loaded  the  crown 
with  heavy  stones ;  but  a  centre  properly  constructed  will 
need  no  such  precaution. 

Experiments  have  shown  that  an  arch-stone  does  not  press 
upon  the  centring  until  its  bed  is  inclined  to  the  horizon  at 
an  angle  of  from  30  to  45  degrees,  according  to  the  hardness 
of  the  stone,  and  whether  it  is  laid  in  mortar  or  not.  For 
general  purposes,  the  point  at  which  the  pressure  com- 
mences may  be  considered  to  be  at  that  joint  which  forms 
an  angle  of  32  degrees  with  the  horizon.  At  this  point  the 
pressure  is  inconsiderable,  but  gradually  increases  towards 
the  crown.  The  following  table  gives  the  portion  of  the 
weight  of  the  arch-stones  that  presses  upon  the  framing  at 
the  various  angles  of  inclination  formed  by  the  bed  of  the 
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Stone  with  the  horizon.     The  pressure  perpendicular  to 
curve  is  equal  to  the  weight  of  the  arch-stone  multipUedbfij 
the  decimal — 

o,  when  the  angle  of  inclination  is  32  degrees. 


Fig,  io9. 


From  this  it  is  seen  that  at  the  inclination  of  44  degrees  thC 
pressure  equals  one  quarter  the  weight  of  the  stone  ;  at  57 
degrees,  half  the  weight:  and   when  a  vertical   line,  as '^^ 
(/^r^.   108),.  passing  through   the   centre  of 
gravity   of  the   arch-stone,   docs   not   fal^ 
within  its  bed,  cd,  the  pressure  may  becon* 
sidered  equal  to  the  whole  weight  of  the 
stone.     This  will  be  the  case  at  about  60 
degrees,  when  the  depth   of   the  stone  is 
double  its  breadth.     The  direction  of  these 
pressures  is  considered  in  a  line  with  the  radius  of  the  curve* 
The  weight  upon  a  centre  being  known,  the  pressure  may  l^| 
estimated  and  the  timber  calculatefl  accordingly.      But  T^ 
must  be  remembered  that  the  whole  weight  is  never  placed 
upon  the  framing  at  once — as  seems  to  have  been  the  idea 
had  in  view  by  the  designers  of  some  centres.     In  building 
the  arch,  it  should  be  commenced  at   each  buttress  at  the_ 
same  time  (as  is  generally  the  case),  and  each  side  shot 
progress  equally  towards  the  crown.    In  designing  the  £ra( 
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1^''  the  effect  produced  by  each  successive  layer  of  stone 
''  uld  be  considered.     The  pressure  of  the  stones  upon  one 
«dc  !thould,  by  the  arning;eraenl  of  the  struts,  be  counter- 
jiscd  by  that  of  the  stones  upon  the  other  side. 
Over  a  river  whose  stream  is  rapid,  or  where  it  is  neces- 
sary to  preserve  an  uninterrupted  passage  for  the  purposes 
fii  navijjation,  the  centre  must   be  constructed  without  in- 
termediate supports,  and  without  a  continued  horizontal  tie 
^t  the  base  :  such  a  centre  is  shown  at  /'ij^.  109.     In  laying 
the  stones  from  the  base  up  to  a  and  r,  the  pieces  ^//  and 
^if  act  as  tics  to  prevent  any  rising  at  d.     After  this,  while 
Uic  stones  are  being  laid  from  </  and  from  r  to  d,  they  act  as 
struts:    the    piece  f  g  \s  added   for    additional    security. 
'-^pcn  this  plan,  with  some  variation  to  suit  circumstances, 
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Fic.  109. 

^^ntrcs  may  be  constructed  for  any  span  usual  in  stonc- 
brid^c  building. 

In  bridge  centres,  the  principal  timbers  should  abut,  and 
:  be  intercepted  by  a  suspension  or  radial  piece  between, 
lesc  should  be  in  halves,  notched  tin  each  side  and  bolted, 
ic  limbers  should  intersect  as  little  as  possible,  for  the 
more  joints  the  greater  is  the  settling:  and  halving  them 
is  a  bad  practice,  as  it  destroys  nearly  one  half  the 
11  .,  of  the  timber.  Ties  should  be  introduced  across, 
especially  where  many  timbers  meet :  and  as  the  centre  is 
to  serve  but  a  temporary  purpose,  the  whole  shouhl  be  de- 
iigncd  with  a  view  to  employ  the  timber  afterwartls  for 
other  uses.  For  this  reason,  all  unnecessary  cutting  should 
b(  avoided. 


'*-'  ''^- 
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Centres  sTiotiTd  be  sufficiently  strong  to  preserve  a 
staunch  and  steady  form  during  the  whole  process  of  build- 
ing;  for  any  shaking  or  trembling  will  have  a  tendency  to 
prevent  the  mortar  or  cement  from  setting.  For  this  pur- 
pose, also,  the  centre  should  be  lowered  a  trifle  immedi- 
ately after  the  key-stone  is  laid,  in  order  that  the  stones  may 
take- their  bearing  before  the  mortar  is  set;  otherwise  the 
jtjints  will  open  on  the  underside.  The  trusses,  in  centring, 
are  placed  at  the  distance  of  from  4  to  6  feet  apart,  accord- 
ing to  their  strengtli  and  the  weight  of  the  arch.  Between 
every  two  trusses  diagonal  braces  should  be  introduced  to 
prevent  lateral  motion. 

In  order  that  the  centre  may  be  easily  lowered,  the 
frames,  or  trusses,  should  be  placed  upon  wedge-forracd 
sills,  as  is  shown  at  d  {Fig.  109)-  These  are  contrived  so  as 
to  admit  t)f  the  settling  of  the  frame  by  driving  the  weHgc 
d  with  a  maid.  or.  in  large  centres,  with  a  piece  of  limber 
mounted  as  a  battering-ram.  The  operation  of  lowering  a 
centre  should  be  very  slowly  performed,  in  order  thai  the 
parts  of  the  arch  may  take  their  bearing  uniformly.  The 
wedge  pieces,  instead  of  being  placed  parallel  with  the 
truss,  are  sometimes  made  sufficiently  long  and  laid  through 
the  arch,  in  a  direction  at  right  angles  to  that  shown  ^\.Bf 
109.  This  method  obviates  the  necessity  of  stationing  men 
beneath  the  arch  during  the  process  of  lowering  ;  and  was 
originally  adopted  with  success  soon  after  the  occurrence  oi 
an  accident,  in  lowering  a  centre,  by  which  nine  men  were 
killed.  fl 

To  give  some  idea  uf  the  manner  of  estimating  tne  prcs^^^ 
sures,  m  order  to  select  timber  of  the  proper  scantling,  cal- 
culate the  pressure  {Art.  247)  ot  the  arch-stones  from  f'toMl 
(Fig.  109).  and  suppose  half  this  pressure  concentrated  at  d, 
and  acting  in  the  direction  a  f.     Then,  by  the  parallelogram 
of  forces  {Art.  71),  the  strain   in  the  several   pieces  compos- 
ing the  frame  hda  may  be  computed.      Again,  calculate 
the  pressure  of  that  portion  of  the  arch  included  between  a 
and  c,  and  consider  half  of  it  collected  at  b,  and  acting  in  a 
vertical  direction  ;  then,  by  the  parallelogram  of  forces,  the 
pressure  on  the  beams  bd  and  /'</may  be  found.     Add  ih 
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pres^re  of  that  portion  o(  the  arch  which  is  included  be 
twc«i  /and  h  i'j  hall  the  weight  of  the  centre,  and  consider 
this  amount  concentrated  at  //,  and  acting  in  a  vertical  direc- 
tion ;  then,  by  constructing  the  parallelogram  of  forces,  the 
pressure  upon  ///may  be  ascertained. 

The  strains  having  been  obtained,  the  dimensions  of  the 
several  pieces  in  the  frames  b  a  d  A-nd  bed  may  be  found  by 
-■-tv'putation,  as  directed  in  the  case  of  roof-trusses,  from 
-  .  226  to  229,  The  tie-beams  <></,  ^  </,  il  made  of  suffi- 
cient size  to  resist  the  compressive  strain  acting  up(m  them 
from  the  load  at  A,  will  be  more  than  large  enough  to  resist 
the  tensile  strain  upon  them  during  the  laying  of  the  tirst 
port  uf  the  arch-stones  below  a  and  c. 

248.— Arch-Stonen  :  Joints.— In  an  arch,  the  arch-stones 
3i"c  so  shaped  that  the  joints  between  them  are  perpendicu- 
lar to  the  curve  of  the  arch,  or  to  its  tangent  at  the  point  at 
>*'hich  the  joint  intersects  the  cur\e.     in  u  circular  arch,  the 


Fig.  tia 


tend  toward  the  centre  of  the  circle ;  in  an  elliptical 
**"^h.  the  joints  may  be  found  by  the  following  process : 

To  find  the  direction  of  the  joints  for  an  elliptical  arch  ; 


Fig.  III. 


joint  being  wanted  at  a  {Fig.  1 10),  draw  Unes  from  that 
Poiint  10  the  foci, /and  /;  bisect  the  angle /<»/  with  the 
^nea^jT  then  a  b  will  be  the  direction  of  the  joint. 


234 


CONSTRUCTION. 


To  find  the  direction  of  the  joints  for  a  parabolic  arch: 
a  joint  being  wanted  at  a  {Fig.  1 1 1),  draw  a  e  at  right  angles 
to  the  axis  eg',  make  eg  equal   to  c t\  and   join  a  and  ^;j 
draw  ah  at    right    angles    to    a g\    then  ah    will    be  tha^l 
direction  of  the  joint.     The  direction  of  the  joint  from  b  is 
found   in  the  same  manner.     The  hnes  fz^and  b  f  are  tan- 
gents to  the  curve  at  those  points  respectively  ;  and  anj 
number  of  joints  in  the  curve   may  be   obtained    by  first 
ascertaining  the  tangents,  and  then  drawing  lines  at  right 
angles  to  thera.    (See  Art.  462.) 

JOINTS. 

24-9. — Timber  JToints. — The  joint  shown  in  Fig.  \\l  ij 

simple  and  strong;  but  the  strength  consists  wholly  in  the) 
bolts,  and  in  the  friction  of  the  parts  produced  by  screwing 
the  pieces  firmly  together.     Should  the  timber  shrink  to 


Fig.  112. 


even  a  small  degree,  the  strength  would  depend  altogether 
on  the  bolts.  It  would  Ix:  made  much  stronger  by  indent- 
ing the  pieces  together,  as  at  the  upper  edge  of  the  tie-bcan» , 
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^^^-^ 


Fig.  113. 


in  Fig.  113,  or  by  placing  keys  in  the  joints,  as  at  the  lower 
edge  in  the  same  figure.  This  process,  however,  weakens 
the  beam  in  proportion  to  the  depth  of  the  indents. 
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FiG.  114 


Fig,  114  shows  a  method  of  scarfing,  or  splicing,  a  ticj- 
beam  without  bolts.     The  keys  are  to  be  of  well-seasonei|H 
hard  wood,  and,  if  possible,  very  cross-grained.     The  addl- 
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on  of  bolts  would  make  this  a  very  strong-  splice,  or  even 
kilc-oak  pins  would  add  materially  to  its  strength. 
■Pif.  115  shows  about  as  strong  a  splice,  perhaps,  as  can 
3l  be  made.     It  is  to  be  recommended  for  its  simplicity  ; 
,  on  account  of  there  being  no  oblique  joints  in  it,  it  can 

readily  and  accurately  executed.  A  complicated  joint  is 
e  worst  that  can  be  adopted  ;  still,  some  have  proposed 
nts  that  seem  to  have  little  else  besides  complication  to 
:ommend  them. 

In  proportioning  the  parts  of  these  scarfs,  the  depths  of 
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Fig.  115. 


the  indents  taken  together  should  be  equal  to  one  third 
the  depth  of  the  beam.  In  oak,  ash  or  elm,  the  whole 
g-th  of  the  scarf  should  be  six  times  the  depth,  or  thick- 
s,  of  the  beam,  when  there  are  no  bolts  ;  but,  if  bolts  in- 
id  of  indents  are  used,  then  three  times  the  breadth  ;  and 
en  both  methods  are  combined,  twice  the  depth  of  the 
m.  The  length  of  the  scarf  in  pine  and  similar  soft 
3ds,  depending  wholly  on  indents,  should  be  about  12 
es  the  thickness,  or  depth,  of  the  beam  ;  when  depend- 
wholly  on  bolts,  6  times  the  breadth;  and  when  both 
ihods  arc  combined,  4  times  the  depth. 


Z73 


■■'^ji  "It.™ 
Fig.  116. 

Sometimes  beams  have  to  be  pieced  (hat  are  required 
esist  cross-strains— such  as  a  girder,  or  the  tie-beam  of  a 
f  when  supporting  the  ceiling.  In  such  beams,  the 
es  of  the  wood  in  the  upper  part  are  compressed  :  and 
refore  a  simple  butt  joint  at  that  place  (as  in  Fi\r.  116) 
ar  preferable  to  any  other.  In  such  case,  an  oblique 
I  is  the  very  worst.  The  under  side  of  the  beam  being 
State  of  tension,  it  must  be  indented  or  bolted,  or  both  ; 
an  iron  plate  under  the  heads  of  the  bolts  gives  a  great 
ition  of  strength. 
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Scarfing  requires  accuracy  and  care,  as  all  the  indw 
should  bear  equally;  otherwise,  one  being  strained  more 
than  another,  there  would  be  a  tendency  to  splinter  off  the 
parts.  Hence  the  simplest  form  that  will  attain  the  object 
is  by  far  the  best.  In  all  beams  that  are  compressed  end- 
wise, abutting  joints,  formed  at  right  angles  to  the  direction 
of  their  length,  are  at  once  the  simplest  and  the  best,  Fora 
temporary  purpose,  Fig.  112  would  do  very  well:  it  would 
be  improved,  however,  by  having  a  piece  bolted  on  all  four 
sides.  Fig.  115,  and  indeed  each  of  the  others,  since  ihcyj 
have  no  oblique  joints,  would  resist  compression  well. 

In  framing  one  beam  into  another  for  bearing  purposes 
such  as  a  floor-beam  into  a  trimmer,  the  best  place  to  make 
the  mortise  in  the  trimmer  is  in  the  neutral  line  {Arts.  120, 
\i\),  which  is  in  the  middle  of  its  depth-  Some  have 
thought  that,  as  the  fibres  of  the  upper  edge  are  compressed, 
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Fig.  117. 

n  mortise  might  be  made  there,  and  the  tenon  driven  ii? 
light  enough  to  make  the  parts  as  capable  of  resisting  the 
compression  as  they  would  be  without  it  :  and  they  have 
thric'fore  concluded  that  plan  to  be  the  best.  This  could 
not  be  the  case,  even  if  the  tenon  would  not  shrink:  fora 
joint  between  two  pieces  cannot  possibly  be  made  to  resist 
Coiuprcsslitn  so  well  as  a  solid  piece  without  joints.  The 
proper  place,  therefore,  for  the  mortise  is  at  the  middle  of 
the  dt|Jih  of  the  beam  :  but  the  best  place  for  the  tenon,  in 
the  llour-beani,  is  at  its  bottom  edge.  For  the  nearer  this 
l»i  pliu  od  to  the  up|>er  edge,  the  greater  is  the  liability  for  it 
to  splinter  off;  if  the  joint  is  formed,  therefore,  as  at  Fig.  117, 
it  will  combine  all  the  advantages  that  can  be  obtained.  Dou- 
ble tenons  arc  objectionable,  because  the  piece  framed  into 
!•»  urt'dle5sly  weakened,  and  the  tenons  arc  seldom  so  accu* 
nitcly  made  as  to  bear  equally.  For  this  reason,  unless  the  tusk 


it  #T  in  the  fii^ure  fits  exactly,  so  as  to  bear  equally  with  the 
tenon,  it  had  better  be  omitted.    And  in  sawinjj;  the  shoulders 
care  shoutd  be  taken  nt>t  to  saw  into  the  tenon  in  the  least, 
as  at  would  wound  the  beam  in  the  place  least  able  to  bear  it. 
Thus  it  will  be  seen  that  framing  weakens  both  pieces, 
more  or  less.     It  should,  therefore,  be  avoided  as  much  as 
po^iisible  ,  and  where  it  is  practicable  one  piece  shoutd  rest 
u^t>tt  the  other,   rather   than   be  framed  into  it.     This  re- 
mark applies  to  the  bearing  of  floor-beams  on  a  girder,  to 
tiac  purlins  and  jack-rafters  of  a  roof,  etc. 

fn  a  framed  truss  for  a  roof,  bridge,  partition,  etc.,  the 
joints  should  be  so  constructed  as  to  direct  the  pressures 
^J^rxiugh  the  axes  of  the  several  pieces,  and  also  to  avoid 
cv-fsry  tendency  of  the  parts  to  slide.    To  attain  this  object. 


Flo.   Hi,. 


Flu.   iig. 


^^c  abutting  surface  on  the  end  of  a  strut  shoul<l  be  at 
^"^^ht  angles  to  the  direction  of  the  pressure  ;  as  at  the  joint 
**^own  in  /7^.  1 1 8  for  the  foot  of  a  rafter  (see  Art.  861.  in  Fig. 
*  I9  for  the  head  of  a  rafter,  and  in  Fig,  120  for  the  foot  of  a 
*tr\ii  or  brace.     The  joint  at  Fig.  118  is  not  cut   completely 
Jicross  the  lie-beam,  but  a  narrow  lip  is  left  standing  in  the 
liddle.  and  a  corresponding  indent  is  made  in  the  rafter,  to 
tvcnt  the  [)arts  from  separatitig  sideways.     The  abutting 
irfacc  should  be  m.idc  as  large  as  the  attainment  ol  other 
necessary  objects  will  admit.      The  iron  strap  is  added  to 
prevent  the  rafter  sliding  out,  should   the  end  of  the  tie- 
bt-am,  by  decay  or  otherwise,  splinter  off.     In  making  the 
joint  sh<iwn  at  Fig.  1 19,  it  should  be  left  a  little  open  at  a, 
so  .xs  to  bring  the  parts  to  a  fair  be^iring  at  the  settling  of 
the  truss,  which  must  necessarily  take  place  from  ilie  shrink- 
ing of  the  king-post  and  other  parts.     U  the  joint  is  made 
bir  at  firsts  when  the  iruas  settles  it  will  cause  it  to  open  at 
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the  under  side  of  the  rafter,  thus  throwing  the  whole  pros- 
sure  upon  the  sharp  edge  at  a.  This  will  cause  an  indenta- 
tion in  the  king-post,  by  which  the  truss  will  be  made  to 
settle  further;  and  this  pressure  not  being  in  the  axis  of  the 
rafter,  it  will  be  greatly  increased,  thereby  rendering  the 
raltcr  liable  to  split  and  break. 
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Fig,  121. 


Fig.  133. 


FtG.  123. 


If  the  rafters  and  struts  were  made  to  abut  end  to  end. 
as  in  Ft^s.  121,  122  and  123^  and  the  king  or  queen  postj 
notched  on  in  halves  and  boiled,  the  ill  eflects  of  shrinking] 
would  be  avoided.  This  method  has  been  practised  wilhj 
success  in  some  of  the  most  celebrated  bridges  and  roofs  in 
Europe;  :ind,  were  its  use  adopted  in  this  country,  the  un*1 
seemly  sight  of  a  hogged  ridge  would  seldom   be  met  wilhil 
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Fig.  124. 


Fig.  125. 


A  plate  of  cast-iron    between  the   abutting   surfaces 
equahze  the  pressure. 

Fig.   124  is  a  proper  joint  for  a  collar-beam  in  a  small 
roof:  the  principle  shown  here  should  characterize  all  ti^™ 
)oints.     The  dovetail  joint,  although   extensively  practisdH 
in  the  above  and  similar  cases,  is  the  very  worst  that  can  be 
employed.     The  shrinking  of  the  timber,  if  only  to  a 
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degree,  pemiits  the  tie  to  withdraw— as  is  shown  at  Fig. 
125.  The  doited  line  shows  the  position  of  the  tie  after  it 
has  shrunk. 

Locust  and   vvhite^oak  pins  are  great  additions    to   the 

slrcni;th  of  a  joint.     In  man^-  cases  they  would  supply  the 

place  of  iron  bolts  ;  and,  on  account  of  their  small  cost,  they 

should  he  used  in  preference  wherever  the  strength  of  iron 

iJ.  not  requisite.     In   small  framing,  good   cut  nails  are  of 

great  service  at  the  joints  ;  but  they  should  not  be  trusted 

to    bear  any  considerable  pressure,  as  they  are  apt  to  be 

brittle.     Iron  straps  are  seldom  necessiiry,  us  all  the  joinings 

'n    carpentry  may  be  made  without  them.     They  can  be 

I'-^'-d  to  advantage,  hdwevcr,  at  the  foot  of  suspcnding-picces, 

'•'•<i  lor  the  ratter  at  the  end  of  the  tie-beam.     In  roofs  for 

orciinary  purposes,   the   iron  straps   for  suspending-pieces 

fnuy  be  as  follows:  When  the  longest  unsupported  part  of 

io  iceL,  the  strap  may  be  1  inch  wide  by  -^  thick. 

a  »  ••  <l  I.  .Ill  t<  1  ii 


fastening  a  strap,  its  hold  on  the  suspending-piece  will  be 
'***jch  increased  by  turning  its  ends  into  the  wood.  Iron 
**^  ~"  liould  be  protected  from  rust ;  for  thin  plates  of  iron 
—J  very    soon,   especially    when  exposed    to  dampness. 

**  "^^f  this  purpose,  as  soon  as  the  strap  is  made  let  it  be 
.    *"  "  "       t  a  blue  heat,  and.  while  it  is  hot.  [)our  over 

1^  n:e  raw  linseed  oil,  or  rub  it  with  beeswax. 

^-itherof  these  will  give  it  a  coating  which  dampness  will 
"^^ai  penetrate. 


SECTION  III.— STAIRS. 

250. — Stairs  :  General  Requiremento. — The  STAIRS  is 
that  commodious  arrangement  of  steps  in  a  building  by 
which  access  is  obtained  from  one  story  to  another.  Their 
position,  form,  and  finish,  when  determined  with  discrimi- 
nating taste,  add  greatly  to  the  comfort  and  elegance  of  a 
structure.  As  regards  their  position,  the  first  object  should 
be  to  have  them  near  the  middle  of  the  building,  in  order 
that  they  may  afford  an  equally  easy  access  to  all  the  rooms 
and  passages.  Next  in  importance  is  light ;  to  obtain  which 
they  would  seem  to  be  best  situated  near  an  outer  wall,  in 
which  windows  might  be  constructed  for  the  purpose  ;  yet 
a  skylight,  or  opening  in  the  roof,  would  not  only  provide 
light,  and  so  secure  a  central  position  for  the  stairs,  but  may 
be  made,  also,  to  assist  materially  as  an  ornament  to  the 
building,  and,  what  is  of  more  importance,  afford  an  oppor- 
tunity for  better  ventilation. 

All  stairs,  especially'  those  of  the  most  important  build- 
ings, should  be  erected  of  stone  or  some  equally  durable  and 
fire-resisting  material,  that  the  means  of  egress  from  a  burn- 
ing building  may  not  be  too  rapidly  destroyed. 

Winding  stairs,  or  those  in  which  the  direction  is  gradu- 
ally changed  by  means  of  winders,  or  steps  which  taper  in 
width,  are  interesting  by  reason  of  the  greater  skill  required 
in  their  construction  ;  but  are  objectionable,  for  the  reason 
that  children  are  exposed  to  accident  by  their  liability  to  fall 
when  passing  over  the  narrow  ends  of  the  steps.  Stairs  of 
this  kind  should  be  tolerated  only  where  there  is  not  suffi- 
cient space  for  those  with  flyers,  or  steps  of  parallel  width. 

Stairs  in  one  long  continuous  flight  are  a^  objection- 
able. Platforms  or  landings  should  be  introduced  at  inter- 
vals, so  that  any  one  flight  may  not  contain  more  than  about 
twelve  or  fifteen  steps. 

The  width  of  stairs  should  be  in  accordance  with  the  im- 
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tance  of  the  building  in  which  they  are  placed,  vaj 
□  3  to  12  feet.  Where  two  persons  are  expected  to  pass 
p>ther  conveniently  the  least  width  admissible  is  3  feet. 
r  in  crowded  cities,  where  land  is  valuable,  the  space 
wed  for  passages  is  correspondingly  small,  and  in  these 
rs  are  sometimes  made  as  narrow  as  2^  feet. 
From  3  to  4  feet  is  a  suitable  width  for  a  good  dwelling  ; 
ie  5  feet  will  be  found  ample  lor  stairs  in  buildings  occu- 
1  by  many  people;  and  from  8  to  12  feet  is  sufficient  for 
width  of  stairs  in  halls  of  assembly. 

To  avoid  tripping  or  stumbling,  care  should  be  exer- 
d,  in  the  planning  of  a  stairs,  to  secure  an  even  grade, 
this  end,  the  hosi'n^,  or  outer  edge,  of  each  step  should  be 
:tly  in  line  with  all  the  other  nosings.  In  stairs  corn- 
ed of  both  flyers  and  winders,  precaution  in  this  regard 
specially  needed.  In  such  stairs,  the  steps — flyers  and 
dcrs  alike — should  be  of  one  width  on  the  line  along 
ch  a  person  would  naturally  walk  wlien  having  his  hand 
n  the  rail.  This  /rfW-line,  consequently,  would  be  paral- 
urith  the  hand-rail,  and  is  usuallv  taken  at  a  distance  of 
B  18  to  20  inches  from  the  centre  of  it.  In  the  plan  of 
stairs  this  tread-line  should  be  drawn  and  divided  into 
al  parts,  each  part  being  the  iriud,  or  width  of  a  flyer 
^the  face  of  one  riser  to  the  face  of  the  next. 

Z5l. — The  Orado  of  Stalm — The  extra  exertion  required 
isccnding  a  staircase  over  that  for  walking  on  level 
jnd  is  due  to  the  weight  which  a  person  at  each  step  is 
lircd  to  lift ;  that  is,  the  weight  of  his  own  body.  Hence 
difficulty  of  ascent  will  be  in  proportion  to  the  height  of 
I  step,  or  to  the  rise,  as  it  is  termed.  To  facilitate  the 
btion  of  going  up  stairs,  therefore,  the  risers  should  be 
,  The  grade  (jf  a  stairs,  or  its  angle  of  ascent,  depends 
only  upon  the  height  of  the  riser,  but  also  upon  the 
^  of  the  step  ;  and  this  has  a  certain  relation  to  the 
R  for  the  width  of  a  step  should  be  in  proportion  to  the 
llness  of  the  angle  of  ascent. 
rhe  distance  from  the  top  of  one  riser  to  the  top  of  the 
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tance  should  vary  as  the  erradc  of  the  stairs ;  for  a  person 
who  in  cHmbing  a  ladder,  or  a  nearly  vertical  stairs,  can 
travel  only  12  inches,  or  less,  at  a  step,  will  be  able  with 
equal  or  greater  facility  to  travel  at  least  twice  this  distance 
on  level  ground.  The  distance  travelled,  therefore,  should 
be  in  proportion  inversely  to  the  angle  of  ascent ;  or,  the  di- 
mensions of  riser  and  step  should  be  reciprocal :  a  low  rise 
should  have  a  Avide  step,  and  a  high  rise  a  narrow  step. 


252. — Pllcli-Board  :  Rclalioti  of  Rihc  to  Trend.— AmonsJ 
the  various  devices  for  dctcnnining  the  relation  c)f  the  rise 
to  the  triad,  or  net  width  of  step,  one  is  to  make  the  sum  oi 
the  two  equal  to  tS  inches. 

For  example,  for  a  rise  of  6  inches  the  tread  should  b« 
12,  for  7  inches  the  tread  should  be  1 1  ;  ov — 


J 


6  4-12    =18 
6J  +  iii=  18 

7  +11    =18 
7i+  ioi=  18 


8  +  10  =  18 
8i  +   9^  =  18 

9  +9    =18 
9^  4-   84  =  18 


This  rule  is  simple,  but  the  results  in  extreme  cases  arc  na 
satisfactory.     If  the  ascent  of  a  stairs  be  gradual  and  casj 
the  length  from  the  top  of  one  rise  to  that  of  another,  or  lh< 
hypothenusc  of  the  pitch-lxDard,  may  be  proportionally  lont 
but  if  the  stairs  be  steep,  the  length  must  be  shorter. 

There  is  a  French  method,  introduced  by  Blondcl  in  hi^ 
Cours  d'Archittctttrt'.     It  is  referred  to  in  G wilt's  Encyclo -^ 
pedia,  Art.  2813.  fl 

This  method  is  based  upon  the  assumed  distance  of  24 
inches  as  being  a  convenient  step  upon  level  ground,  aa^^ 
upon  12  inches  as  the  most  convenient  height  to  rise  wh^H 
the  ascent  is  vertical.     These  are  French  inches,  old  system. 
The  24  inches  French  equals  about  25-1^  inches  English 

With  these  distances  as  base  and  perpendicular,  a  rig 
angled   triangle  is  formed,  which   is  used  as  a  scale   u 
which  the   proportions  of  a   pitch-board   are   found. 
example,  let  a  line  be  drawn  from  any  point  in  the  hypothe- 
nusc of  this  triangle  to  the  right  angle  of  the  triangle  ;  then 
this  line  will  equal  the  length  of  the  pitch-board,  along  t 


i 


bv 


?en<>rar stairs  having  a  grade  equal  to  the  ang'ie  lormed 
this  line  and  the  base-line  of  the  scale. 
In  the  absence  of  the  triangular  scale,  the  lengths  of  the 
>.Trds,  as  found  by  this  rule,  may  be  computed  by  this 
,  cion— 


IV=2S^\-2A; 


(107.) 


'xvhich  ir equals  the  tread,  or  base  of  the  pitch-board,  and 
^    «:  he  riser,  or  its  perpendicular  height. 
For  example,  let  /r  =  6 ;  then — 

i^l^is  result  is  greater  than  would  be  proper  in  some  cases. 

The  length  of  the  hypothcnuse  of  the  pitch-board  should 
^^>  proportional  not  only  to  the  angle  of  ascent  {Arf.  251 ».  but 
*^  ^?io  to  the  strength  and  height  of  the  class  of  people  who 
*-  *~«  to  use  the  stairs.  Tall  and  strong  persons  will  take 
iigcr  steps  than  short  and  feeble  people.  The  hypothc- 
f  the  pitch-board  shoukl  be  made  in  proportion  to 
i.tnce  taken  at  a  step  on  level  ground  by  the  persons 
*^'^  ho  arc  to  use  the  stairs. 

V  li-  arc  divided  into  two  classes,  one  composed  n( 

***CDb  kinen  and   the  other  of  delicate  women  and   in- 

*^  rm  men,  then  there  may  be  two  scales  formed  for  the  pitch- 
*^  '  of  stairs — one  to  be  used  for  shops  and  factories,  and 
^  IT  for  dwellings.     The  flistancc  on  level  ground  trav- 

^^Ucd  per  step,  by  men,  varies  from  about  26  to  52  inches,  or 
^^n  an  average  2S  inches.  The  height  to  which  tnen  are 
ccustoincd  to  rise  on  ladders  is  from  12  to  16  inches  at  each 
,  or  on  the  average  14  inches. 

VVith  these  dimensions,  therefore,  of  14  and  28  inches,  a 
^tcaic  may  be  formed  for  pitch-boards  for  stairs,  in  buildings 
^o  be  used  exclusively  by  robust  workmen.  And  with  12 
24  inches  another  scale  may  be  formed  for  pitch-boards 
j^airs,  in  builditigs  to  be  used  by  women  and  feeble 
Ic  These  two  scales  are  both  shown  in  Ft'j^.  126. 
They  are  made  thus:  Let  C  A  ^  be  a  right  angle.  Make  A 
-^  equal  to  2^  inches,  and  A  C  equal  to  14 :  then  join  £  and 
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C.     At  right  angles  to  C  B,  from  A,  draw  A  F;  then  wilh 
A  F  for  radius  describe  the  arc  F  G.     Then  a  line,  as. I  A' 
dT  A  Z.  drawn  from  A  at  any  angle  with  A  B  and  Hmited  by 
the  line  6' /^y?  will  give  the  length  of  the  hypothenuse  o( 
the  pitch-board,  fur  shop  stairs  of  a  grade  equal  to  the  angle 
which  said  Fine  makes  with  A  B.     From  A',  perpendicular  to 
A  />,  draw  A'iV;  then   K"  N  wili  be  the  proper  riser  for  a. 
pitch-board   of  which  A  iVis  the  tread.     So,  likewise,  Zrjlfj 
will  be  the  appropriate  riser  for  the  tread  .-/  M.    The  zrcfG'i 
is  introduced  to  limit  the  rake-line  of  pitch-boards  occur- 
ring between  /^and  C,  in  order  to  avoid  making  them  longer 
than  the  one  at  /^     The  scale  for  the  stairs  for  dwellings  is 
made  in  the  same  manner;  A  D=  24  inches  being  the  base, 
A  £  =  12  inches  the  rise,  and  J  H  D  the  line  limiting  the 
rake-lines  of  pitch-boards. 


M 


N 

Fig.   126. 


To  compute  the  length  of  risers  and  treads,  we  have  fc:^ 
the  scale  for  shops,  for  those  occurring  between  /^and  B ' 


r  =  -i  (  28  -  / ) : 
/  =  28  —  2  r  ; 

and  for  those  between  Fand  G,  we  have — 


r  =  V'ise-S  — /•; 


i-   4^156. 8-r'; 


(I0«.) 

(109.) 

(108.  A.) 
(109,  A.) 


For  the  scale  for  dwellings,  we  have,  for  those  occurrii 
between  H  and  D — 

r  =i(24-/);  (108.  B.) 

/  =  24—  2  r;  (109,  B.) 
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and  for  thoSe  between  H  and  J,  we  have— 


/=  4/115-2  —  r'; 


(108,  C.) 
(109,  C) 


rhere,  in  each  equation,  r  represents  the  riser,  and  /  the 
tread,  or  net  step. 

By  these  formulae,  the  following  tables  have  been  com- 
puted : 

Stairs  for  Shops. 


IUm. 


50 
50 

4 

7 


»5 
50 

70 
690 

7- 
7-20 


Tread.      Ratio— Rim  to  Tread. 


24. 
22- 
21- 
20- 
19- 
l8- 
1720 

i6-6o 

i6- 

15-50 

X5- 

14-60 

14-20 

14- 

1360 


to 


12- 

7-33 
6- 

5 
4 
3 
3 

2' 
2 
2 
2 
2 
2 
2 
I' 


22 
60 
19 
91 
67 
48 

31 
18 
06 

89 


Rise. 


Tread. 


Ratio— Riso  to  Tread. 


13-20 

I2-8o 

12-40 

12- 

II-6 

II* 

10-40 

10  • 
9-40 
8-8o 
8- 

7- 
6- 

4-95 

3-58 


78 
68 

59 
50 

41 
29 
18 
II 
01 
92 
'80 
•67 
55 
43 
30 


Stairs  for  Dwellings. 


Rke. 

Tread. 

Ratio— Rise  to  Tread. 

Rise. 

Tread. 

Ratio— Ri«e  to  Tread. 

a- 

20- 

I     to  lO- 

i        740 

9-20 

I   to     1-24 

3- 

l8- 

I      "     6- 

1       7- 50 

9- 

I      "      I-20 

350 

17- 

I      ••     4-86 

i       7-6o 

8-8o 

I      "      I. 16 

4- 

i6- 

I     "     4- 

1       7-70 

8-60 

I      "      I-I2 

-♦•50 

15- 

I     "     3-33 

1       7-80 

8-40 

I      ••      1. 08 

5- 

14- 

I     "     2-80 

'       7-90 

8-20 

I     ••     i-o; 

540 

13-20 

I     "     2-44 

1       8- 

8- 

I     "     I- 

5-70 

I2-6o 

I      "      2-21 

!      8-10 

7-80 

I     "    0-96 

e. 

12- 

I      "      2- 

!       8-30 

7-40 

I     "    0-89 

ft.25 

11-50 

I      "      I. 84 

8-50 

7- 

I     *'    0-82 

(^•$0 

II- 

I      "      169 

8-75 

6-50 

I     ••     0-74 

ft.75 

10-50 

I      "      156 

9- 

6- 

I     "     0'67 

7. 

ID- 

I     "     »-43 

9.30 

5  40 

I     "     0-58 

7- 10 

9-80 

I     ••     138 

9-60 

4.80 

I     "     0-50 

7ao 

9-60 

I     "     1-33 

lO- 

390 

I     ••    0-39 

.    7-30 

9.40 

I      "      1-29 

10-50 

2-20 

I      "     0-2I 

These  tables  will  be  useful  in  determining  questions  in- 
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volving  the    proportion   between  the   rise  and  tread  o(  a 
pitch- board. 

For  stairs  in  which  the  run  is  limited,  to  determine  the 
number  of  risers  which  would  give  an  easy  ascent :  Dwid 
the  run  by  the  ht'iij^fit,  and  find  in  the  proper  table,  above, 
the  raiio  nearest  to  the  quotient,  and  in  a  line  with  this  ratio, 
in  the  second  column  to  the  left,  will  be  found  the  corr 
spending  riser.  With  this  divide  the  rise  in  inches;  the^wi*-' 
tient^  or  the  nearest  whole  nnuiher  thereto,  will  be  the  required 
number  of  risers  in  the  stairs. 

Example. — For  the  stairs  in  a  dwcllin*T,  Jet  the  rise  be  i^ 
8",  or  152  inches.  Let  the  run  between  the  extreme  risers 
be  17'  2'.  To  this,  for  the  purpose  of  obtaining  the  correct 
angle  of  ascent,  by  having  an  equal  number  of  risers  and 
treads,  add,  for  one  more  tread,  say  10  inches,  its  probable 
width;  thus  making  the  total  run  18  feet,  or  216  inchet 
Thus  we  liavc  Un  the  run  216.  and  for  the  rise  152.  Divid- 
ing the  former  by  the  latter  gives  1-42  nearly.  In  the  table 
of  stairs  for  dwellings,  the  ratio  nearest  to  this  is  1  -43,  and  in 
the  line  to  the  left,  in  the  second  column,  is  7,  the  approxi- 
mate size  of  riser  appropriate  to  this  case.  Dividing  fh< 
rise,  152  inches,  by  this  7,  vvc  have  2 if  as  the  quotient. 

This  is  nearer  to  22  than  to  21  ;  therefore,  the  number  ol 
risers  required  is  22. 

When  the  number  of  risers  is  determined,  then  the  rist 
divided  by  this  number  will  give  the  height  of  each  riser: 
thus,  in  the  above  case,  the  rise  is  152  inches.  This  divided 
.by  22  gives  6-909  inches  for  the  height  of  the  riser. 

When  the  height  of  the  riser  is  known,  then,  if  the  run  is 
unlimited,  the  width  of  tread  will  be  found  in  the  proper  table 
above.  For  example,  if  the  riser  is  7  inches  or  nearly  that, 
then  in  the  tabic  of  stairs  for  dwellings,  in  the  next  column 
to  the  right,  and  opi^osite  7  in  the  column  of  risers,  is  found 
10,  the  approximate  width  of  tread.  By  the  use  of  cquatic 
(109,  B.),  the  width  may  be  had  exactly  according  to  t^ 
scale.  For  example,  equation  (109,  B.)  with  6'9i  for 
riser,  becomes— 

/  —  24  —  2  X  6-91  =  iQ.  18, 
or  about  io^\  incKes. 


TO  CONSTRUCT  THE   PITCH-BOARD. 


\cn  the  run  is  limited  and  the  number  of  risers  is 
known,  then  the  width  of  tread  is  obtained  by  dividing  the 
run  by  the  number  o(  treads.  There  are  always  of  treads 
one  less  than  there  arc  of  risers,  in  each  flight. 


253. — Dimenslonii  of  tlic  Pitcb-Board. — The   hrst  thing 

in  commencing  to  build  a  stairs  is  to  make  the  ///r//-board  ; 
this  is  done  in  tlte  following  manner:  Obtain  very  accurate- 
ly, in  feet  and  inches,  the  rise,  or  perpendicular  height,  of  the 
story  in  which  the  stairs  are  to  be  placed.  This  must  be 
taken  from  the  top  of  the  lower  floor  to  the  top  of  the  upper 
floor.  Then,  to  obtain  the  number  of  rises  and  treads  and 
their  size,  proceed  as  directed  in  ArL  252.  Having  obtained 
these,  the  pitch-board  may  be  made  in  the  following  man- 
ner: Upon  a  [)iece  of  well-seasoned  board  about  |  of  an 
inch  thick,  having  one  edge  jointed 
straight  and  square,  lay  the  cnrner 
of  a  steel  square,  as  shown  at  /vi,^  127. 
Make  a  b  etpial  to  the  riser,  and  h  c 
equal  to  the  tread  ;  mark  along  the 
edges  with  a  knife,  and   cut   by   the  ^^^-  "7- 

marks,  making  the  edges  of  the  pitch  -  board  perfectly 
square.  The  grain  of  the  wood  should  run  in  the  direction 
indicated  in  the  figure,  because,  in  case  of  shrinkage,  the 
rise  and  the  tread  will  be  equally  affected  by  it.  When  a 
pitch-board  is  first  made,  the  dimensions  of  the  riser  and 
tread  should  be  preserved  in  figures,  in  order  that,  in  case 
of  shrinkage  or  damage  otherwise,  a  second  may  be 
made. 


254-. — The  String  of  a  Sialra,  -  The  space  required  for 

limber  and  ])lastering  under  the  steps  is  about  5  inches  for 
ordinary  stairs,  or  6  inches  if  furred ;  set  a  gauge,  there- 
fore, at  5.  or  6  inches,  as  the  case  requires,  and  run  it  on  the 
lower  edge  of  the  plank,  as  a*  {Fig.  128).  Commencing  at 
one  end,  lay  the  longest  side  of  the  pitch-board  against  the 
gauge-mark,  a  b,  as  at  c,  and  draw  by  the  edges  the  lines  for 
the  first  rise  and  tread  :  then  place  it  successively  as  at  </,  ^, 
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and  y,  until  the  required  number  of  risers  shall  be  laid  down.' 
To  insure  accuracy,  it  is  well  to  ascertain  the  theorelicut 
raking  lenj^tli  ot  the  pitch-board  by  computation,  as  in  note' 
to  Art.  536,  by  getting  the  square  root  of  the  sum  of  ihtj 
squares  of  the  rise  and  run,  and  using  this  by  which  W 
divide  the  line  ab  into  equal  parts. 


Fig.  128. 

255.— Step  and  Rider  Connection. — Fig.  129  represent 
a  section  of  step  and  riser,  joined  after  the  most  approve 
method.     In  this?,  «  represents  the  end  of  a  block  about  ^ 


EJ 


Fio.  119, 


inches  long,  two  or  three  of  which,  in  the  length  of  th^ 
step,  are  glued  in  the  cornen  The  cove  at  b  is  planed  uf^ 
square,  glued  in,  and  stuck  or  moulded  after  the  gh 
iSet. 

FI.ATFORM    STAIRS. 

256. — PlBiform  SiuIm:  the  Cylinder. — A  platform  stairs 
ascends  from  one  story  to  another  in  two  or  more  flights, 
having  platforms  or  landings  between  for  resting  and  to 
change  their  direction.     This  kind  of  stairs,  being  simple,  is 
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easi\y  constructed,  and  at  the  same  time  is  to  be  preferred 

to  those  with  winders,  for  the  convenience  it  affords  in  use 

[Art,  250).    The  cylinder  may  be  of 

any  diameter  desirable,  from  a  few 

inches  to  3  or  more  feet,  but  it  is 

generally  small,  about  6  inches.     It 

may  be  worked  out  of  one  solid 

piece,  but  a  better  way  is  to  glue 

together  3  pieces,  as  in  Fig.  1 30 ;  in 

which  the  pieces  a,  b,  and  c  compose 

the  cylinder,  and  d  and  e  represent 

parts  of  the  strings.     The  strings, 

after  being  glued  to  the  cylinder,  are  secured  with  screws. 

The  joining  at/?  and  0  is  the  most  proper  for  that  kind  of 

joint. 


Fig.  130. 


Fio.  131. 

257«  —  Wwnm  of.  Ijower  Edfre  of  Cylinder.  —  Find  the 
'*"^tch-out,  de  {Fig.  131),  of  the  face  of  the  cylinder,  abe^ 
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according  to  Art.  524;  from  //  and  r  draw///  and  r  r  at 
right  angles  to  i/r;  draw  /t^  parallel  to  r/r,  and  maki»A/ 
and  ^'•/ each  equal  to  one  riser;  from  /  and  /  draw  »y  and 
//•  parallel  to  It^i^-;  place  the  trearl  of  the  pitch-board  at  these 
last  lines,  and  draw  by  the  lower  edge  the  lines  i-A  and  1/; 
parallel  to  these  draw  )mn  and  o/>,  at  the  requisite  distance 
for  the  dimensions  of  the  string;  from  i,  the  centre  ol  the 
plan,  draw  st/  parallel  to  t//',  divide  //  ^  and  <;g-  each  into  two 
equal  [larts,  as  at  v  and  7c  ;  from  f  and  u>  draw  vn  and  ac 
parallel  to  /ti;  join  «  and  o,  cutting  ^i^  in  r ;  then  the  angles 
//  n  r  and  rt^/,  being  eased  off  according  to  Ar/.  521.  will  givf 
the  proper  curve  for  the  bottom  edge  of  the  cylinder.  A 
centre  may  be  found  upon  which  to  describe  these  curve!*, 
thus:  from  u  draw  ux  at  right  angles  to  w«;  from  r  draw 
rx  at  right  angles  to  na  ;  then  x  will  be  the  centre  for  the 
curve  u  r.  The  centre  for  the  curve  r/  may  be  found  b a 
similar  manner.  Centres  from  which  to  strike  these  cur\<:^ 
are  usually  tiuite  unnecessary  :  an  experienced  workm:"^ 
will  readily  form  the  curves  guided  alone  by  his  practised 
eye. 


a^=^« 


Fig.  132, 


258.— Ponlilon  of  the  Balusierii.— Place  the  centre  ol 
the  first  baluster,  6  {Fig;  132),  half  its  diameter  from  the  (acc 
of  the  riser,  cif,  and  one  third  its  diameter  from  the  end  of 
the  ste[>,  «•</;  and  j)lace  the  centre  of  the  other  baluster. /i. 
half  the  tread  from  the  centre  of  the  first.     A  line  through 
the  centre  of  the  rail  will  occur  vertically  over  the  centrtS 
of  the  balusters.     The  usual  length  of  the  balusters  is  2  fccti 
5  inches  and  2  feet  9  inches  respectively,  for  the  short  aH| 
long  balusters.     Their  length   may  be  greater  than  is  here 
indicated,  but.  for  safety,  should  never  be  less.     The  dif[( 
ence  in   length   between   the  short  and  long  balusters^ 
equal  to  one  half  the  height  of  a  riser. 


Ff  winding  stairs. 


[«I9. — 'Winding  ^tRlm:  have  the  steps  narrower  at  one 
ertt..  than  at  the  other.  In  some  stairs  tliere  arc  steps  of 
parallel  width  incorporated  with  the  tapering  steps ;  in  this 
case  the  former  are  caWed  ^jers,  and  thu  latter  winder:. 

260.  -Ri'Kiilar  Winding  Siuirsi. — In  Fig.  133,  abed  rep- 
resents the  inner  surface  of  the  wall  enclosing^  the  space 
allotted  to  the  stairs,  a  f  the  length  of  the  steps,  and  c  f  g  h 
the  cylinder,  or  face  of  the  front-string.  The  Imea  ^is  given 
as  the  face  of  the  first  riser,  and  the  point  /  for  the  limit  of 
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Fin,   133. 

the  last.  Make  c  /equal  to  18  inches,  and  upon  p,  with  o  i 
for  radius,  describe  the  arc  //;  obtain  the  number  of  risers 
and  of  treads  required  to  ascend  to  the  floor  at  y,  according 
to  Art.  252,  and  divide  the  arc  ij  into  the  same  number  of 
equal  parts  as  there  are  to  be  treads  i  through  the  points  of 
division,  1,2,  3,  etc.,  and  from  the  wall-string  to  the  front- 
string,  draw  lines  tending  to  the  centre,  o\  then  these  lines 
will  represent  the  face  of  each  riser,  and  determine  the  form 
and  width  of  the  steps.  Allow  the  necessary  projection  for 
the  nosing  beyond  a  c,  which  should  be  equal  to  the  thick- 
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ness  of  the  step,  and  then  a  e  I  k  will  be  the  dimensions  loi 
each  step.  Make  a  pitch-board  for  the  wall-string  having  al 
for  the  tread,  and  the  rise  as  previously  ascertained:  wilh 
this  lay  out  on  a  thicknessed  plank  the  several  risers  and 


treadi 


the 


Is,  as  at  ttg.  128,  gauging  from  the  upper  edge  ol 
string  for  the  line  at  which  to  set  the  pitch-board. 

Upon  the  back  of  the  string,  with  a  i  J-inch  dado  plane, 
make  a  succession  of  grooves  t^  inches  apart,  and  paralld 
with  the  lines  for  the  risers  on  the  face.  These  grooves 
must  be  cut  along  tlic  whole  length  of  the  plank,  and  deep 
enough  to  admit  of  the  plank's  bending  around  the  cunc 
abed  Then  construct  a  drum,  or  cylinder,  of  ajiy  com- 
mon kind  of  stuff,  made  to  fit  a  curve  with  a  radius  the 
thickness  of  the  string  less  than  oa  ;  upon  this  the  string  must 
be  bent,  and  the  grooves  filled  with  strips  of  wood,  called 
keys,  which  must  be  very  nicely  fitted  and  glued  in.  After 
it  has  dried,  a  board  thin  enough  to  bend  around  tm  the  out- 
side of  the  string  must  be  glued  on  froni  one  end  to  the 
other,  and  nailed  with  clout-nails.  In  doing  this,  be  cardul 
not  to  nail  into  any  place  opposite  to  where  a  riser  or  step  is 
to  enter  on  the  face. 

After  the  string  has  been  on  the  drum  a  sufficient  time 
for  the  glue  to  set,  take  it  off.  and  cut  the  mortices  for  the 
steps  and  risers  on  the  face  at  the  lines  previously  made; 
which  may  be  done  by  boring  with  a  centre-bit  half  through 
the  string,  and  nicely  chiselling  to  the  line.    The  drum  nct^ 
not  be  made  to  extend  over  the  whole  space  occupied  by  the 
stairs,  but  merely  so  far  as  requisite  to  receive  one  piece  ot 
the  wall-string  at  a  time ;  for  it  is  evident  that  more  than 
one  will  be  required.     The  front-string  may  be  constructed^ 
m  the  same  manner  ;  taking  e  I  instead  cS  a  k  tor  the  tread  ol| 
the  pitch-board,  dadoing  it  with  a  smaller  dado  plane,  and 
bending  it  on  a  drum  of  the  proper  size. 
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261,  - WiiKlirti;  Stairs :  Shape  an«l  Potfllon  of  Tlmbei 

The  dotted  tines  in  Fii^,  133  shtnv  the  position  of  the  timi 
as  regards  the  plan ;  the  shape  of  each  is  obtained  as  followsl 
In  Fig.  T34,  the  line  i  a  is  equal  to  a  riser,  less  the  thickness 
ot  the  floor,  and  the  lines  3  w,  3  «,  4  tf,  5  />,  and  6  q  are  each 


ibeifl 
[owsfl 


«Jiiano«ie  riser.     The  line  a  2  is  equal  to  ,t  at  in  /'ij^.  133, 

ihc  liac  m  3  to  m  n  in  that  figure,  etc.     In  drawin}<  this 

figure,  comoicnce  at  a,  and  tnake  the  lines  a  \  and  ti  2  o(  the 

Irnyih  above  specified,  and  draw  them  at  right  angles  to 

Mch  other :  draw  1  m  at  right  an«;lcs  to  a  2,  and  m  3  at 

right  iinglcs  to  w  2.  and  make  2  m  and  in  3  of  the  leng^ths 

a*  above   specified ;   and   so   proceed    to   the  end.      Then 

through  the  points  1,  2,  3,  4,  5,  and  6  trace  the  line  i  *;  upon 

the  points  1,  2,  3,  4.  etc.,  with  the  size  of  the  timber  for 

radius,  describe  arcs  as  shown  in  the  figure,  and  by  these 

the  lower  line  may  be  traced  parallel  to  the  upper.     This 

^11  give  the  proper  shape  for  the  timber,  a  b,  in  /vjf.  [33; 

and  that  of  the  others  may  be  found  in  a  similar  manner.     In 

o.^  I  .     ..  cases,  the  sha[>e  of  one  face  of  the  timber  will  be 

-  ;,  for  a   gooti    workrnan   can   easily  hew   it   to  its 

proper  level  by  that ;  but  where  great  accuracy  is  desirable, 

*  pattern  for  the  other  side  may  be  found  in  the  same  man- 
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Fir..  134, 

^^J*  as  for  the  first.     In  many  cases,  the  timbers  beneath  cir- 
^^lar  stairs  arc  put  up  after  the  stairs  are  erected,  and  with- 
it  previously  givinij  them  the  required  form  ;  the  work- 
^SUj  in  shapinij  them  being  guided  by  the  form  marked  out 
^y  the  lower  edge  o(  the  risers. 

262.— Wlnclltts  Siitln  wllh   Flycrii  t   Grtuir  of  Frntit- 

**Hiif, — In  stairs  of  this  kind,  if  the  winders  are  confined  10 

^^^  quarter  circle,  the  transition  from  the  winders  to  the 

".Vers  i»  too  abnipt  for  convenience,  as  well  as  in  appe.ir- 

^''Kc.    To  remove  this  unsightly  bend  in  the  mil  and  string, 

V*-  »s  usual  to  take  in  among  I  he  winders  one  or  more  of  the 

rs,  and  thus  graduate  the  width  of  the  winders  to  that  of 

''     rs.     Hut  this  is  not  always  done  so  as  to  secure  the 

ults.     By  the  method  now  to  be  shown,  both  rail  and 

iptrinp*  will  be  gracefully  graded.     In  Fi^.  135.  a  b  reprc- 
^eais  the  line  of  the  facia  along  the  floor  of  the  upper  story. 


b  i'  i:  the  face  of  the  cylinder,  and  c  d  the  face  of  the  fronl- 
string;.  Make^^  equal  to  \  of  the  diameter  of  the  baluslcr, 
and  parallel  lo  a  b,  b  e  c,  and  c  d  draw  the  centre-line  of  tbcl 
rail,  /^,  g  It  i,  and  ij\  make  gk  and  ^-^Z  each  equal  to  half  the 
width  of  the  rail>  and  through  k  and  /,  parallel  to  the  centre- 
line, draw  lines  for  the  convex  and  the  concave  sides  of  the 
rail ;  tanii^ical  to  the  convex  side  of  the  rail,  and  parallel  to 
k  /«,  draw  //  o\  obtain  the  stretch-out,  q  r.  of  the  seinicirdc, 
k p  /«,  acct>rtlirrg^  to  Art.  524;  extend  a  b  to  /,  and  k  m  toj; 
make  c  s  equal  to  the  length  of  the  steps,  and  /  u  equal  to  18 
inches,  and  parallel  to  w  /  describe  the  arcs  si  and  «6; 
from  /  draw  (  ik.\  tending  to  the  centre  of  the  cylinder;  from 
6,  and  on  the  line  6  u  x,  run  off  the  regular  tread,  as  at  5,4« 
3,  :>,  J,  and  i-;  make  «  x  equal  to  half  the  arc  //  6,  and  make 
the  point  of  {livision  nearest  to  a%  as  i',  the  limit  of  the  par- 
allel steps,  or  flyers:  make  r  0  equal  to  m  s',  from  0  draw  * 
tj'*  at  right  angles  to  no,  and  equal  to  one  riser;  from  <* 
draw  a- s  parallel  to  «  <?,  and  equal  lo  one  tread;  from  •^' 
through  o,  draw  s  b^. 

Then  from  a-  draw  w  r^  at  right  angles  to  //  o,  and  set  I'P 
on  the  line  'u' c"  the  same  number  of  risers  that  the  floor.  ^'^' 
is  above  the  first  winder,  B,  as  at  i,  2,  3,  4,  5,  and  6 ;  throu^^ 
5  (on  the  arc  6  u\  draw  d"^  r*,  tending  to  the  centre  of  tH^ 
cylinder;    from  c'^  draw  c^ f^  at   right   angles   to  no,  an*^ 
through    5  ton  the  line  iv  c^)  draw  g'^  /'  parallel  to  »  z'' • 
through  6  (on    the  line  10  c^)  and /^  draw  the  line  h^b^' 
make  '6  c-  equal  to  half  a  riser,  and  from  t'  and  6  draw  r'  / 
and  6y  parallel  lo  no;  make //'/*  equal  to//'_/^;  from  I ' 
draw  /'  /'*  at  right  angles  to  t*  //",  and  from  /*  draw  /'  k^ 
at  right  angles  to  y"^  ^';  upon  k^,  with  k'^ /^  for  radius,  de- 
scribe the  arc  /^  P\  make  b'  /'-  equal  to  b^  f^,  and  ease  ofl 
the  angle  at  ^'  by  the  curve/*  /'.     In  the  figure,  the  curve 
is  described   from  a  centre,  but  as  this  might  be  imprac- 
ticable in  a  full-size  plan,  the  curve  may  be  obtained  accord- 


♦  In  the  references  a*,  b*,  etc.,  a  new  form  is  introduced  for  ihe  lirM  xxta^ 
Durins:  ihc  time  taken  to  refer  to  the  tiRurc,  the  memory  of  the  /o^ih  of  thf$< 
may  p.iss  from   the  mind,  while  that  of  the  sounJ  alone  remains;  they  may 
then  be  mistaken  for  «j2,  />  2,  etc.     This  can  be  .avoided  in  te,iding  by  giviitg 
them  a.  sound  corresponding  to  their  meaning,  which  is  a  jecirut/,  b  unnd,  etc. 
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ingto  Art.  521.  Then  from  i,  2,  3,  and  4  (on  the  line  w  r') 
draw  lines  parallel  to  n  o,  meeting  the  curVe  in  w'^  «^  o^, 
and  /';  from  these  points  draw  lines  at  right  angles  to  n  o, 
and  meeting  it  in  -r',  r',  j',  and  /';  from  x-  and  r'  draw 
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Fio.  135. 

lines  tending  to  f/^  and  meeting  the  convex  side  of  the  rail 
in  y^  and  s^\  make  m  ?•'  equal  to  r  j',  and  ///  ti-'  equal  to 
r/';  from^", -?',?•',  and  7f'',  through  4,  3,  2,and  i, draw  lines 
meeting  the  line  of  the  wall-string  in  /?',  ^•,  ^ ',  and  //' ;  from 
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r^  where  the  centre-line  of  the  rail  crosses  the  line  of  the 
floor,  draw  (•''/'  at  right  angles  to  n  o,  and  from/\  through 
6,  draw /=^' ;  then  the  heavy  Xm^s  f^g- ,f^d^,  y' a^,z'b\ 
7'^f^  zo' ff'-^,  and  :;  j/  will  be  the  lines  ftir  the  risers,  which, 
being  extended  to  the  line  of  the  front-string,  /;  ^  c  d,  will 
give  the  dimensions  of  the  winders  and  the  grading  o(  the 
front-string,  as  was  required. 
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HAND-RAILING. 

263. — lliind-RHlling  for  Stairs. — A  piece  of  hand-rail- 
ing intended  for  the  curved  part  of  a  stairs,  when  properly 
shaped,  has  a  twisted  form,  deviating  widely  from  plane  sur- 
faces.    If  laid  upon  a  table  it  may  cfasily  be  rocked  to  and 
fro,  and   can  be  made  to  coincide  with   the  surface  of  the 
table  in  only  three  points.     And  yet  it  is  usual  to  cut  such 
twisted  pieces   from  ordinary  parallel-faced  plank;  and  to 
cut  the  plank  in  form  according  to  a  /rta-mould,  previously 
formed  from  given  dimensions  obtained  from  the  plan  of  the 
stairs.     Tlic  shape  of  the  finished  wreath  flifl'ers  so  widely 
from  the  piece  when  first  cut  from  the  plank  as  to  make  it 
appear  to  a  novice  a  matter  of  exceeding  difficulty,  if  not  an 
impossibility,  to  design  a  face-mould  which  shall  cover  accu- 
rately the  form  of  the  completed  wreath,     liut  he  will  find, 
as  he  progresses  in  a  study  of  the  subject,  that  it  is  not  only 
a  possibility,  but  that  the  science  has  been  reduced  to  sucb 
a  system  that  all  necessary  moulds  may  be  obtained  with 
great  facility.     To  attain   to  this  proficiency,  however,  re- 
quires close  attention  and  continued  persistent  study,  yet  no  M 
more  than  this  im])ortant  science  deserves-    The  young  car- 
penter  may  entertain  a  less  worthy  ambition  than  that  of 
desiring  to  be  able  to  form  from  planks  of  black-walnut  or 
mahogany  those  pieces  of  hand-railing  which,  when  securedj 
together  with  rail-screws,  shall,  on  applying  them  over  th< 
stairs  for  which  they  are  intended,  be  found   to   fit  thcil 
places  exactly,  and  to  form  graceful  curves  at  the  cylindci 
That  railing  which  requires  to  be  placed   upon  the  staii 
before  cutting  the  joints,  or  which  requires  the  curves 
butt-joints  to  be  refitted  after  leaving  the  shop,  is  discredit-' 
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the  workman  who  makes  it.     No  true  mechanic  will 
be  content  until  he  shall  be  proved  able  to  form  tlie  curves 
and  cut  the  joints  in  the  shop,  and  so  accurately  that  no  altera- 
tion shall  be  needed  when  the  railing-  is  brought  to  its  place 
on  the  stairs.      The  science  of  hand-railing  requires  some 
kncMvledge  of  dcsiriptive  geometry — that  branch  of  geometry 
which  has  for  its  object  the  solution  of  problems  involving 
three  dimensions    by  means   of   intersechng    planes.     The 
method  of  obtaining  the  lengths  and  bevils  of  hip  and  valky 
fafters,  etc.,  as  in  Art.  233,  is  a  practical  example  of  descrij 
hvc  geometry.     The  lines  and  angles  to  be  developed  in 
problems  of    hand-railing   are  to  be  obtained  by  methods 
dependent  upon  like  principles. 

264.  -Hand-Ralling:   Deflntttoiu  ^   Planew  and  Solldf. 

— ^Prcliminar}'  to  an  exposition  of  tiie  method  for  drawing 
^He  face-moulds  of  a  hand-rail  wreath,  certain  terms  used  in 
•lescriptive  geometry  need  to  be  defined.  Among  the  tools 
Used  by  a  carpenter  are  those  well-known  implements  called 
planes,  such  as  the  jack-plane,  fore-plane,  snioothing-plane, 
^c.  These  enable  the  workman  to  straighten  and  smooth 
the  faces  of  boards  and  plank,  and  to  dress  them  out  of 
'^'ind,  or  so  that  their  surfaces  shall  be  true  and  unwinding. 
The  term  plane,  as  used  in  descriptive  geometry,  however, 
refers  not  to  the  implement  aforesaid,  but  to  the  unwinding 
surface  formed  by  these  implements.  A  plane  in  geometry 
is  defined  to  be  such  a  surface  that  if  any  two  points  in  it  be 
joined  by  a  straight  line,  this  line  will  be  in  contact  with  the 
surface  at  every  point  in  its  length.  With  like  results  lines 
may  be  drawn  in  all  p<issible  directions  upon  such  a  sur- 
face. This  can  be  done  only  ujion  an  unwinding  surface; 
therefore,  a  plane  is  an  unwinding  surface.  Planes  are 
understood  to  be  unlimited  in  their  e.\tent,  and  to  pass  freely 
through  other  planes  encountered. 

The  science  of  stair-building  has  to  do  with /rwwj  and 
cylinders,  examples  of  which  are  shown  in  Figs.  136,  137,  and 
138.  A  right  prism  {I'igs.  156  and  137)  is  a  solid  standing 
upon  a  horizontal  plane,  and  with  faces  each  of  which  is  a 
plane.     Two  of  th'ese  faces — top  and  bottom — are  horizontal 
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and  are  equal  polygons,  having  their  corresponding  sides] 
parallel. 

The  other  faces  of  the  prism"  are  parallelograms,  each  ol 
which  is  a  vertical  plane.     When  the  vertical  sides  of  li 
prism  are  of  equal  width,  and  in  number  increased  imieiv- 
nitely.  the  two  polygonal  faces  of  the  prism  do  not  diflei 
essentially  from  circles,  and  thence  the  prism  becomes 
cylinder.     Thus  a  right  cylinder  may  be  defined  to  be  *1 
prism,  with  circles  for  the  horizontal  faces  {I'ig.  138). 


Fig.  136k 


Fkj.  137. 


Fig.  138. 
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265.  —  Hnnd- Railing:    Prcllmlnarr  ConHlderatlom. " 

It  within  the  i^'cUJiolc,  or  stair-opening,  of  a  circular  stairs  ^ 
solid  cylinder  be  constructed  of  such  diameter  as  shall  fill  the 
well-hole  completely,  touching  the  hand-railing  at  all  points. 
and  then  if  the  top  of  this  cylinder  be  cut  off  on  a  line  with 
the  top  of  the  hand-railing,  the  upper  end  of  the  cylinder 
would  present  a  winding  surface.     But  if,  instead  of  cutting 
the  cylinder  as  suggested,  it  be  cut  by  several  planes,  each 
of  which  shall  extend  so  as  to  cover  only  one  of  the  wreaths 
of  the  railing,  and  be  so  inclined  as  to  touch  its  top  in  three 
points,  then  the  form  of  each  of  these  planes,  at  its  intersec- 
tion with  the  vertical  sides  of  the  cylinder,  would   present 
the  shape  of  the  concave  edge  of  the  face-mould  for  that 
particular   piece   of    hand  -  railing   covered    by    the    plane. 
Again,  if  a  hollow  cvlindcr  be  constructed  so  as  t<^  be  in 
contact  with  the  outer  edge  of  the  hand-railing  throughout 
its  length,  and  this  cylinder  be  also  cut  by  the  aforesaid 
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en  each  of  said  planes  at  its  intersection  with  this 
latter  cylinder  would  present  the  form  at'  the  convex  edge 
of  the  said  face-mould,  A  plank  of  proper  thickness  may 
now  have  marked  upon  it  the  shape  of  this  face-mould,  and 
the  piece  covered  by  the  lace-mould,  when  cut  from  the 
plank,  will  evidently  contain  a  wreath  like  that  over  which 
the  face-mould  was  formed,  and  which,  by  cutting  away  the 
surphis  material  above  and  below,  may  be  gradually  wrought 
into  the  graceful  form  of  the  required  wreath. 

By  the  considerations  here  presented  some  general  idea 
tnay  be  had  of  the  method  pursued,  by  which  the  form  of  a 
face-mould  for  hand-railing  is  ol)tained.  A  little  reflection 
upon  what  has  been  advanced  will  show  that  the  problem 
to  be  solved  is  to  pass  a  plane  obliquely  through  a  cylinder 
*t  certiiin  given  points,  and  find  its  shape  at  its  intersection 
^hh  the  vertical  surface  of  the  cylinder,  Peter  Nicholson 
^as  the  first  to  show  how  this  might  be  done,  and  for  the 
•'^vention  was  rewarded,  by  a  scientific  society  of  London, 
^ith  a  gold  medal.  Other  writers  have  suggested  some 
'^'ight  improvcnients  on  Nicholson's  methods.  The  method 
^o  which  preference  is  now  given,  for  its  simplicity  o!  work- 
*tig  and  certainty  of  results,  is  that  which  deals  with  the 
tangents  to  the  curves,  instead  of  with  the  curves  themselves; 
So  we  do  not  pass  a  plane  through  a  cyiinder,  but  through  a 
Prism  the  vertical  sides  of  which  are  tangent  to  the  cylinder, 
and  conUiiu  the  controlling  tangents  of  the  facc-moulrls.  The 
task,  therefore,  is  confined  principally  to  finding  the  tangents 
upon  the  face-mould.  This  accomplished,  the  rest  is  easy,  as 
wdi  be  seen. 

The  method  bv  which  is  found  the  form  of  the  top  of  a 
prism  cut  by  an  oblique  plane  will  now  be  shown. 

266* — A  Prtflm  Cut  by  an  Oblique  Pliitie —  A  prism   is 

shown  in  perspective  at  Fig.  139,  cut  by  an  oblique  plane. 
The  points  abed  are  the  angles  of  the  horizontal  base,  and 
abg,  be/,  cdcf,  and  a  dig  are  the  vertical  sides;  while 
efbg  is  the  top,  the  form  of  which  is  to  be  shown. 

267.— Form  of  Top  of  l>ri!«ni. — In  Fig.  1 39  the  form  of 

the  top  of  the  prism  is  shown  as  it  appears  in  perspective. 


Fig.  140. 

( f  and  di\  Fi^.  159 ;  the  lines  dii^  and  r  <r,  being  set  up  p« 
pentlicular  to  the  line  dc.    Extend  the  lines  dc  and  d,c,  until 


ctionof  two  planes :  one,  tlie  base,  or  horizontal  plane  upon 
hich  the  prism  stands;  the  other,  the  cutting  plane,  or  the 
anc  which,  passing  obliquely  throun^h  the  prism,  cuts  it  so 
to  produce,  by  intersecting  the  vertical  sides  of  the  prism, 
cform  bfeg,  Fig.  139. 
To  show  that  b/i  is  the  line  of  intersection  of  these  two 
ines,  let  the  paper  on  which  the  triangle  dhd^  is  drawn 
isignated  by  the  letter  /j)  be  lifted  by  the  point  f/  and 
volved  on  the  line  d/i  until  d^  stands  vertically  over  //,  and 
over  c\  then  ^  will  be  a  plane  standing  on  the  line  ^//^, 
rtical  to  the  base-plane  A.  The  point  h  being  in  the  line 
extended,  and  the  line  <:</ being  in  the  base-plane  J,  there- 
e  h  is  in  the  base-plane  A.  Now  the  line  dc^  represents 
!  line  rf  of  Fig.  139,  and  is  therefore  in  the  cutting  plane  ; 
isequently  the  point  //,  being  also  in  the  line  ^/f-,  ex- 
dcd,  is  also  in  the  cutting  plane.  By  reference  to  Fig. 
I  it  wilt  be  seen  that  the  jioint  b  is  in  both  the  cutting  and 
■e  planes;  we  must  therefore  conclude  that,  since  the  two 
nts  b  and  //  are  in  both  the  cutting  and  base  planes,  a  line 
ling  these  two  points  must  be  the  intcrsecti(jn  of  these  two 
nes.  The  determination  of  the  line  of  intersection  of  the 
e  and  cutting  planes  is  very  important,  as  it  is  a  conlrol- 
l  line  :  as  will  be  seen  in  dehning  the  lines  upon  which 
form  of  the  face-mould  depends.  Care  should  therefore 
taken  that  the  method  of  obtaining  it  be  clearly  under- 
id. 

It  will  be  observed  that  the  intersecting  line  bfi,  being  in 
horizontal  plane  .-/,  is  therefore  a  horizotiital  line.  Also, 
t  this  horizontal  line  b  ft  being  a  line  in  the  cutting  plane, 
refore  all  lines  upon  the  cutting  plane  which  are  drawn 
allelto////  must  also  be  horizontal  lines.  The  import- 
e  of  this  will  shortly  be  seen.  Through  r?,  perijcndicular 
bh,  draw  the  line  b^^d^,  and  parallel  with  this  line  draw 
,^/,  on  //  as  centre  describe  the  arc  d^d^^^^\  ^rvivt  d^^^^d^ 
allel  with  dd^,  and  extend  the  latter  to  ^/ ,, ;  on  d^^  as 
tre  describe  the  arc  d^  d^^^  \  join  b„  and  rf^ ,.  We  now 
e  three  vertical  planes  which  are  to  be  brought  into 
fcion  around   the  base-jilane  .7,  as  follows:    Revolve  B 
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upon  dh,  E  upon  ^^,,,  and  C  upon  b^^d ^,  each  until  it  stands 
perpcntlicular  to  the  plane  ^L  Then  the  points  df  and  </,„ 
will  coincide  and  be  vertically  over  d\  the  points  r/,^^  and</, 
will  coincide  and  stand  vertically  over  ^^  ;  and  r  will  coven'. 
These  vertical  jilancs  will  enclose  u  wedge-shaped  figurt; 
lying  with  one  face,  b^^id/i,  horizontal  and  coincident  with 
the  base-plane  J,  and  three  vertical  faces,  b^^  d^^  </,  ,  dd^  (^,d..,.t 
and  Add.  Bv  drawing  the  figure  upon  a  piece  of  stout 
paper,  cutting;  it  out  at  the  outer  edges,  making  creases  in 
the  lines  /id,  dd  ,  f/^/',,,  then  folding  the  three  planes  ^,£, 
and  C  at  right  angles  to  A,  the  relation  of  the  lines  will  he 
readily  seen.  Now,  to  obtain  the  form  of  the  top  or  coverto 
the  wcdge-sha])ed  figure,  perpendicular  to  d^^  d  .^  draw  b^k^ 
and^/,,  «•;  on  b^^  as  centre  describe  the  arc /t//^  ;  rndkcdt 
equal  to  d„d\  join  e  and  //,.  Now  the  form  of  the  top  of  the 
wedge-shaped  figure  is  shown  within  the  bounds  d,  ,b,^hu 
By  revolving  this  plane  Z>  on  the  line  b,,d^..  until  it  is  al 
a  right  angle  to  the  phmc  C,  and  this  while  the  latter  is 
supposed  to  be  vertical  to  the  plane  A,  it  will  be  perceiveil 
that  this  movement  will  place  the  plane  D  on  top  of  the 
wedge-shaped  figure,  and  in  such  a  manner  as  that  the  point 
€  will  coincide  with  (/,,,  //,  and  the  point  Ir  will  fall  upon  and 
be  coincitlent  with  the  point  h,  and  the  lines  tif  the  cover 
will  coincide  with  the  corresponding  lijies  of  the  top  cdgcl^ 
of  the  sides  of  the  figure;  for  example,  the  line  ^,,</,, '^ 
common  to  the  top  and  the  side  C\  the  line  d  e  equals  t/^i 
which  equals  d^d^^/,  therefore,  the  line  dt-  will  coincidu 
with  d^d ^^^  of  the  side  E\  the  line  f  h  will  coincide  with  d, 
of  the  side  Z>;  and  the  line  bji,  will  coincide  with  the  11 
b^Ji,  Thus  the  figure  I>  hounded  by  b^^d,^^ch,  will  exac 
fit  as  a  cover  to  the  wedge-shaped  figure.  Upon  this  co 
we  may  now  tlevelup  the  ftirm  of  the  top  of  the  prism. 

Frctiminary  thereto,  however,  it  will  be  observed,  as  was 
before  remarked,  that  lines  upon  the  cutting  )>lane  which 
are  parallel  to  the  intersecting  line  b^Jt^  are  horizontal; 
and  each,  therefore,  must  be  of  the  same  length  as  the  line 
in  the  base-plane  A  vertically  beneath  it.  For  example,  the 
line  d^^^r^  is  a  line  in  the  cutting  plane  I),  parallel  with  the 
line  b^^  li^  in  the  same  plane,  and  this  line  bji^  will  iwhen  the 
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ciittingf  plane  D  is  revolved  into  its  proper  position)  be  co- 
incident with  tlic  intersecting  line  l\^  h  \  tlieretore,  the  line 
^„,risa  line  in  the  cutting  plane  A  drawn  parallel  with  the 
f'ltersecting'  line  b^^  h.     Now  thi^;  line  d^^^  t\  when  in  position, 
will  be  coincident  with  tlie  line  d^^^^d^,  which  lies  vertically 
over  the  line  d^^  d  of  the  base-plane  A  \   its  length,  therefore, 
•s  equal   to   that  of  the   latter.     In  like  manner  it  may  be 
shown  that  the  lcne:th  of  any  line  on  the  ]jiane  D  parallel 
*^  ^,y'..  is  equal  in  lenj^th  to  the  corresponding  line  upon 
^hc  {>lane  A  verticall)'  beneath  it. 

Therefore,  to  obtain  the  form  of  the  top  of  the  prism,  we 
proceed  as  follows:  Perpendicular  to  b^^d^  draw  cc^^^  and 
<»tf^,^;  perpendicular  to  b^^d^^^  draw  r^^^/ and  equal  tor^^c; 
On  b,,  as  centre  describe  the  arc  hh^ ;  join  h^  <?  ,^,  b^f^  and  «, ,  e. 
iSJow  we  have  here  in  plane  D  the  form  of  the  top  of  the 
prism,  as  shown  in  the  figure  bounded  b}'  the  lines  a^^^b,ft. 
This  will  be  readily  seen  when  the  plane  D  is  revolved  into 
position.  Then  the  point  a^^  will  be  vertically  over  irr ;  the 
point  r coincident  with  d^  //^,,  and  vertically  over  d\  the  point 
^coincident  with  c  and  verticallv  over  c  :  while  b^  will  coin- 
cide with  //  of  the  base-plane  ^'l. 

The  figure  a^^^  b^/f,  therefore,  represents  correctly  both 
in  form  and  size  the  top  of  the  prism  as  it  is  shown  in  per- 
spective at  b  f  e g.  Fig,  139.  The  line  e  f.  Fig.  140,  is  equal  to 
the  line  d^  c^,  and  so  of  the  other  lines  bounding  the  edges  of 
the  figure. 

The  cutting  plane  b/cg.  Fig.  139,  may  be  taken  to  repre- 
sent the  surface  of  the  plank  from  which  the  wreath  of  hand- 
railing  is  to  be  cut  ;  the  wreath  curving  around  from  b  to  c^ 
as  shown  in  Fig.  141,  the  lines  b  g  and  gc  being  tangent  to 
the  curve  in  the  cutting  plane;  while  ab  and  ad  are  tan- 
gents to  the  curve  on  the  base  plane,  or  plane  of  the  cylin- 
der. The  location  of  the  cutting  plane,  however,  is  usually 
not  at  the  upper  surface  of  the  plank,  but  midway  between 
the  upper  and  under  surfaces.  The  tangents  in  the  plane 
are  found  to  be  more  convenientiv  located  here  for  deter- 
mining the  position  of  the  butt-joints.  For  a  moulded  rail 
two  curved  lines,  each  with  a  pair  of  tangents,  are  required 
upon  the  cutting  plane,  one  for  the  outer  edge  of  the  rail, 
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and  the  other  for  the  inner  edge ;  but  for  a  round  rail  onl.  j 
one  curve  with  its  tangents  is  required,  as  that  from  b  to 
in  Fig.  141,  whidh  is  taken  to  represent  the  curved  line  nix:^ 
ning  through  the  centre  of  the  cross-section  of  the  raiL    .JK^i 
an  easy  application  of  the  principles  regarding  the  prisi 
just  developed,  an  example  will  now  be  given. 


'  268. — ^Face-Mould  for  Hand-Ratlins  of  Platform  Stain. 

— 'Letjk  and  /  m,  Fig.  142,  represent  the  central  or  axial  lines 
of  the  hand-rails  of  the  two  flights,  one  above,  the  other  be- 
low the  platform ;  and  let  the  semicircle^V/ be  the  central 
line  of  the  rail  around  the  cylinder  at  the  platform,  the  risers 
at  the  platform  being  located  aty  and  /.  Vertically  over  the 
platform  risers  draw^^/,  make  gr^  equal  to  a  riser  of  the 
lower  flight,  and  r^  g^  and  s  s^  each  equal  to  a  riser  of  the 
upper  flight.  Draw  g^s  and  gk^  horizontal  and  equal 
each  to  a  tread  of  each  flight  respectively.  Through  r,  draw 
k,  a,,,  and  through  g^  draw  s,  t^.  Vertically  over  d  draw  a,  t^. 
Horizontally  draw  a,,  a,^^^  and  t^  /,,. 

It  is  usual  to  extend  the  wreath  of  the  cylinder  so  as  to 
include  a  part  of  the  straight  rail — such  a  part  as  convenience 
may  require.  Let  the  straight  part  here  to  be  included  ex-" 
tend  from  /  to  ^  on  the  plan.  Vertically  over  b  draw  b^  c,^^^^ 
and  horizontally  draw  b^  w^^ ;  at  any  point  on  b^  uf,,  locate  a/^,, 
and  make  w^^  u\  equal  to  yV,  and  bisect  it  in  w/  erect  the 
perpendiculars  w,  a,,^„  %vd^^^,  and  w^^  v  ;  join  /,^and  a,,^, ;  from 
^/v//  horizontally  draw  </,//  d^,  \  parallel  with  r,  k,  draw 
dy^  c^^^^.     We  now  have  the  plan  and  elevations  of  the  prism. 


FACE-MOULD   FOR   PLATFORM   STAIRS. 

Dntaining  at  its  angles  the  tangents  required  for  the  wreath 
ttcnding  from  b  to  d  on  the  plan.    The  elevation  /^  is  a  view 
the  cylinder  looking  in  the  direction  Uc. 


Fig.  143. 

*omparing  Fig.  142  with  Fig^.  141;  the  line  ^^  w ,  is  the 
je,  upon  a  vertical  plane,  of  the  horizontal  plane  abed 
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of  Fij^.  r4[,  or  is  the  e:round-line  from  which  tli^Beifbts oi 
the  prism  arc  to  be  taken. 

The  triangles  b^  i?^  is  represented  in  Fig,  141  at  tf^/, and 
ihe  inclined  hne  bn^^  is  the  tan^rent  of  the  rail  of  the  lower 
flight,  and  is  represented  \n  fig.  141   at  bg;  while  a,,,, /,,  is 
the  tangent  of  the  railing  around  the  cylinder,  and  the  hal( 
of  it  is  represented  in  Fig.  141  at  gt\     The  height  b^c,^^, 
shown  in  F'ig.  141  ati/,  while  the  height  tt-r/^,,,  or  <?^  </,,,  \i 
shown  in  Fig.  141  at  d i\ 

The  vertical  planes  EEC  may  now  be  constructed  about 
the  prism  as  in  A4''.  140,  proceeding  thus:    Make  c c\  equal  to 
/>,  r^^,,  and  tid^  equal  to  a^  d.^^ ;  through  i\  draw  ^/  // ;  through 
/'  draw  hb^\   perpendicular  to  h  b^^  through  a  draw  bd-% 
from  <^/ parallel  with  b^^  (/^tlraw  dd,^^,  \  on  d  as  centre  dcscri^^ 
the  arc  d  d^^-,  draw //^^^  d^,  ahn  d  d^^,  parallel  with  // ^,  • 
on  d^^  as  centre  describe  the  arc  d^d^^^ ;  join  d^^^  to  b^^.    P^^' 
allel  with  b^^  h  draw  from  each  important  point  of  the  pls*^' 
as  shown,  an  ordinate  extending'  to  the  line  b    d^  ,  and  ther»-*-*^ 
across  plane  Z?  draw  ordinates  perpendicular  to  b^^d,„,»^^^ 
make  them  respectively  equal  to  the  corresponding  ordina'^^ 
of  the  plane  A,  measured  from  the  line  b^^  d^ ;  join  f  to/,  i^^m 
to  b,  a^^^  to  if,  and  b^  Uy/\  also  join  i,  to  r,.    Then  a^^,  b^  is  t  ^^ 
tangent  standing  over  rt^,  and  rt,,,  t' is  the  tangent  standir"^* 
over  ad.     The  line  bl^  is  the  part  of  the  tangent  whic^" 
stands  over  bl,y  the  portion  of  the  wreath  which  is  straigl»  *• 
The  curve  en^pj^  is  the  trace  upon  the  cutting  plane  of  tl»* 
quarter  circle  dn pi,  traced  through  the  points  //^/>,,  and  »^ 
many  more  as  desirable,  found  by  ordinatcs  as  any  othc/" 
point  in  the  plane  A,      Thus  we    have  complete  the  line 
b^  i,  n^  e,  the  central  line  of  the  wreath  extending  from  b  to  // 
in  the  plan.  This  is  the  essential  part  of  the  face-mould,  which 
is  now  to  be  drawn  as  follows:     At  Fig.  143  repeat  the  par- 
allelogram rt,^^  b^/^  of  Fig.  142,  and.  with  a  nidius  equal  to 
half  the  diameter  of  the  rail,  describe,  from  centres  taken  on 
the  central  line,  the  several  circles  shown;  and  tangent  to 
these   circles   draw   the  outer  and  inner  edges  of  the  r.iil. 
The  joint  at  b^  is  to  be  drawn  pcrjiendicular  to  the  tangent 
b  a^^^,  while  that  at  *•  is  to  be  perpendicular  to  the  tangent 
jra,j,.     This  completes  the  face-mould  for  the  wreath  uv 
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the  plan.  If  the  pitch-board  of  the  upper  flight  be 
the  same  as  that  of"  the  lower  flight,  the  face-mould  at  /•'4''. 
143 will,  reversed,  serve  also  for  the  \vSeath  over  the  other 
half  of  the  cylinder. 

In  using  this  face-mould,  place  it  upon  a  plank  equal  in 

thickness  to  the  diameter  of  the  rail,  mark  its  form  upon  the 

plank,  and  saw  square  through;  then  chamfer  the  wreath  to 

^n  octagonal  form,  after  which  carefully  remove  the  angles 

so  as  to  produce  the  required  round  form.     The  joints,  as  well 

3s  the  curved  edges,  are  to  be  cut  square  through  the  plank. 

Many  more  lines  have  been  used  in  obtaining  this  face- 

f^ould  than  were  really  necessary  for  so  simple  a  case,  but  no 

•iiore  than  was  deemed  advisable  in  order  properly  to  eluci- 

^*te  the  general  principles  involved.     A  wery  simple  method 


I     ^or  face-moulds  of  platform  stairs  with  small  cylinders  will 
How  be  shown. 


Fn;.   143. 


269. — more  $«imple  .Hc-tliod  fur  llund-Ruil  to  Plnlfnnn 
itair*. — In  Fi^.  i44,_/^f-  represents  a  pitch-board  of  the  first 
flight,  and  ^/ and  /the  pitch-board  of  the  second  flight  of  a  plat- 
form stairs,  the  line  t/ being  the  top  of  the  platform  ;  and 
aifc  is  the  plan  of  a  line  passing  through  the  centre  of 
the  rail  around  the  cylinder.  Through  /  and  li  draw  i k, 
and  through y  and  r  draw//"  /  from  /•  draw  X- 1  parallel  to  fe ; 
from  b  draw  bm  parallel  to  ^d :  from  /  draw  Ir  parallel  to 
i'j :  from  n  draw  w/  at  right  angles  to  jk  ;  on  the  line  ob 
make  ot  equal  to  >i  f  :  join  c  and  /  ;  on  the  line  Jcy  Fig.  145, 
make  tc  equal  to  f  n  at  Fig.  144;  from  f  draw  ct  at  right 
angles  toyV,  and  make  ct  equal  to  r  /  at  Fig.  144;  through  / 
draw // parallel  to  yi,  and  make //equal  to  1 1  ixt  Fig.  144; 
join  /and  c,  and  complete  the  parallelogram  ecls\  find  the 
points  o,  0,  0,  according    to  Art.    551  ;  upon  t\  o,  0,  o,  and  /, 
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successively,  with  a  radius  equal  to  half  the  width  of  the 
rail,  describe  the  circles  shown  in  the  figure ;  then  a  curvt 
traced  on  both  sides  oi  these  circles,  and  just  touching  them, 


Fig.  144. 

will  give  the  proper  form  for  the  mould.    The  joint  at /i^ 
drawn  at  right  angles  to  c  I. 


Fio.  145. 


This  simple  method  for  obtaining  the  face-moulds  for  the 
hand-rail  of  a  platform  stairs  appeared  first  in  the  early  edi- 
tions of  this  work.     It  was  invented  by  a  Mr.  Kells,  ao 
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ntnent  stair-builder  of  this  city.  A  comparison  with  Fig. 
\2  will  explain  the  use  of  the  few  lines  introduced.*  For  a 
ill  comprehension  of  it  reference  is  made  to'  Fig.  146,  in 
hich  the  cylinder,  for  this  purpose,  is  made  rectangular 


stead  of  circular.  The  figure  gives  a  perspective  view  of 
part  of  the  upper  and  of  the  lower  flights,  and  a  part  of 
e  platform  about  the  cylinder.  The  heavy  lines,  «>«,  mc, 
d  cj\  show  the  direction  of  the  rail,  and  are  supposed  to 
ss  through  the  centre  of  it.    Assuming  that  the  rake  of 
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the  second  flight  is  the  same  as  that  of  the  first,  as  is  gener- 
ally the  case,  the  face-mould  for  the  lower  twist  will,  whai 
reversed,  do  for  the  upper  flight ;  that  part  of  the  rail,  there- 
fore, which  passes  from  c  to  r,  and  from  c  to  /.  is  all  that  will 
need  explanation. 

Suppose,  then,  that  the  parallelogram  caoc  represent* 
plane  lying  perpendicularly  over  eabf,  being  inclined  in 
the  direction  cc,  and  level  in  the  direction  co  \  suppose  this 


Fig.  147. 

plane  caoch^  revolved  on  rr  as  an  axis,  in  the  manner  indi' 
catcd  by  the  arcs  0/1  and  ax,  until  it  coincides  with  th<r 
plane  ertc\  the  line  ao  will  then  be  represented  by  the  lin^ 
X H ;  then  add  the  parallelogram  xr tn,  and  the  triangle  r //, 
deducting  the  triangle  cr  s\  then  the  edges  of  the  plane  rx/<-, 
inclined  in  the  direction  ec^  and  also  in  the  direction  r/,  will 
lie  perpendicularly  over  the  plane  cabf.  From  this  we 
gather  that  the  line  co,  being  at  right  angles  to  f  <•.  must,  il 
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Icr  lo  reach  the  point  /,  be  lengthened  the  distance  ttt, 
and  the  ri^ht  angle  lU- 1  be  made  obtuse  by  the  addition  to 
it  of  the  angle  t  c  L  By  reference  to  Fig.  144,  it  will  be  seen 
that  this  lengthening  is  performed  b}-  forming  the  right- 
angled  triangle  cot,  corresponding  to  the  triangle  coi  in 
Fig.  146.  The  line  ct  is,  then  transferred  to  Fig.  145,  and 
placed  at  right  angles  to  ec]  this  angle  ect  \s  then  increased 
by  adding  tlic  angle  /r/,  corresponding  to  t  c  I,  Fig.  146. 
Thus  the  point  /  is  reached,  and  the  proper  position  and 
lent^th  of  the  lines  ec  and  <:/ obtained.  To  obtain  the  face- 
mould  for  a  rail  over  a  cylindrical  well-hole,  the  same  process 
is  necessary  to  be  followed  until  the  length  and  position  of 
these  lines  are  found ;  then,  by  forming  the  parallelogram 
(cis,  and  describing  a  quarter  of  an  ellipse  therein,  the 
proper  form  will  be  given. 


Fig,  148. 

270. — Ilnnd-Raltlngr  for   n    E.argcr  Cylinder. — Fig.  147 

'"^presents  a  plan  and  a  vertical  section  of  a  line  passing 

through  the  centre  of  the  rail  as  before.     From  l>  draw  bk 

Parallel  to  cd\  extend  the  lines  /'r/andyV  until  they  meet  jfr^ 

"1  k  and  /',  from  n  draw  ul  parallel  \o  ob\  through  /  draw 

^^  parallel  to  J  k",  from  k  draw  kt  at  right  angles  iojk;  on 

^"c  line  ob  make  ot  equal  to  k  t.     Make  ec  [Fig.  148}  equal 

^'^  <"  ^  at  Fig.  147  ",  from  c  draw  c  t  at  right  angles  to  tc,  and 

^Ual  to  ct  at  Fig.  147  :    from  /  draw  //  parallel  to  cc,  and 

'^'*^ke  //equal  to  //at  Fig.  147  ;  complete  the  parallelogram 

'^''-y,  and  find  the  points  0,  o,  0,  as  before  ;  then  describe  the 

^•'clesand  complete  the  mould  as  in  Fig.  145.    The  difference 

"^^^veen  this  and  Case  i    is  that  the  line  c  t,  instead  of  being 

^*Scd  and  thrown  out,  is  lowered  and  drawn  in.     A  method 

P'    X^lanning  a  cylinder  so  as  to  avoid  the  necessity  of  cant- 

^"^S"  the  plank,  either  up  or  down,  will  now  be  shown. 
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271. — Farc-lfffoiilcl  without  Canting  the  Plank. — Instead 
of  placing  the  platrorm-riscrs  at  the  s]>ring  of  the  cylinder. a 
more  easy  and  graceful  appearance  may  be  given  to  the 
rail,  and  the  necessity  of  canting  cither  of  the  twists  eniirciv 
obviated,  bv  fixing  the  place  of  the  above  risers  at  a  certain 
distance  within  the  cylinder,  as  shown  in  ft[g:  149 — the  lines 
indicating  the  face  of  the  risers  cutting  the  cylinder  at  k  and 
/,  instead  of  at  />  and  17,  the  spring  of  the  Cylinder.  To 
ascertain  the  position  of  the  risers,  let  <7^r  be  the  pilch- 
board  of  the  lower  flight,  and  c ^r  that  of  the  upper  flight. 

these  being  placed  so  that  fie  and 
r</  shall  form  a  right  line.  Extend 
(7  c  to  cut  lie  in  /;  draw  fg  parallel 
to  db,  and  of  indefinite  Icn^h; 
draw  ^-"(7  at  right  angles  to  J g,  iind 
*  equal  in  length  to  the  radius  o(  the 
circle  formed  by  the  centre  of  the 
rail  in  passing  around  the  cylinder; 
on  o  as  centre  describe  the  semi 
circle y. J?"  r;  through  o  draw  ii 
ia\\q\.  \.o  d b  \  make  oh  equal  to  th« 
radius  of  the  cylinder,  and  describe 
on  <7the  face  of  the  cylinder  /^?; 
then  extend  db  across  the  cylinder, 
cutting  it  in  /  and  /• — giving  the 
position  of  the  face  of  the  risers 
as  required.  To  find  the  face- 
mould  for  the  twists  is  simple  and 
obvious:  it  being  merely  a  quarter 
of  an  ellipse,  having  oj  for  senn* 
minor  axis,  and  sf  for  the  semi-major  axis;  or,  at  Fig^  i5'' 
let  f/f  /  be  a  right  angle  ;  make  c  i  equal  to  oj.  Fig.  149,  and  »' 
equal  to  s  f.  Fig.  149:  then  draww/tf  parallel  to  r/,  and  cOi*" 
plctc  the  curve  as  before. 

272.— RalUnir  for  Pltttfomt  fttnlm  where  the  Bi»** 
meets  the  Level.— In  Fig.  150,  abc  is, the  plan  of  a  line  pn^*' 
ins:  through  the  centre  of  the  rail  around  the  cylinder  ^ 
before,  and  J€  is  a  vertical  section  of  two  steps  starti*'* 
from  the  floor,  hg.     Bisect  *//  in  d,  and  through  d  draw  ^' 
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parallel  to  hg\  bisect /«  in  /,  and  from  /  draw  //  parallel 
to  nj\  from  n  draw  nt  at  right  angles  to  jn\  on  the  line  ob 
make  ot  equal  tu  nt.  Then,  to  obtain  a  mould  for  the  twist 
going  up  the  flight,  proceed  as  at  Fig.  145  ;  making  ec  \v\ 
that  figure  equal  to  en  in  Fig.  150,  and  the  other  lines  of  a 
length  and  position  such  as  is  indicated  by  the  letters  of 
reference  in  each  figure.     To  obtain  the  mould  for  the  level 


Fir,,   mo. 


rail,  extend  ho  {Fig.  1 50)  to  i ;  make  0  i  equal  to  //,  and  join 
iand<r;  m^\!LQ  c  i  (Fig.  151)  c<iiial   to  t  i  iii  fig.  150;  thtough 


:^ 


Fir..  1st, 

Ci/  at  right  angles  to  ci:  make  ^t'  equal  to  <//  at 
/'ig.  150,  and  complete  the  parallelogram  oJci;  then  pro- 
ceed as  in  the  previous  cases  to  find  the  mould. 


'        273.— Applicniloti  of  Fnf'e-Maiilds  to  Plank.  —  All  the 

Tioulds  obtained  bv  the  preceding  examples  have  been  for 
'Hound  rails.    For  these,  the  mould  may  be  applied  to  a  plank 
Lthe  same  thickness  as  the  rail  is  intended  to  be.  and  the 
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plank  sawed  square  through,  the  joints  being  cut  square 
from  the  face  of  the  plank,  A  twist  thus  cut  and  truly 
rounded  will  hang  in  a  proper  position  over  the  plan,  and 
present  a  perfect  and  graceful  wreath. 

274-. — Faec-:nouldM    for  moulded  Rnili  upon  PliiUVirn 
Slalri».~In  Fig,  152,  abc  is  the  plan  of  a  line  passing  through 


r: 


-JL 


I       I 


Ftu.  152. 

the  centre  of  the  rail  around  the  cylinder,  as  before,  andll 
lines  above  it  are  a  vertical  section  of  steps,  risers,  and  plati 
form,  with  the  lines  for  the  rail  obtained  as  in  Fig.  144,  S( 
half  the  width  of  the  rail  from  b  to  /  and  from  b  10  r,  at 
from  /  and  r  draw  fc  and  r  d  parallel-  to  ca.  At  Fig.  15I 
the  centre-lines  of  the  rail  jc  and  c  I  are  obtained  as  in  the 
previous  examples,   making  fc  «qual  jn    of    Fig.   152, 
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equal  ct  of  Fig.  152,  and  //  equal  si  of  Ftg.  152;  Make  ci 
and  cic  each  equal  to  ci  at  Fig.  152,  and  draw  the  lines  im 
and  ^'^  parallel  iocj\  make  /<•  and  /r  equal  to  ne  and  «</  at 
Fig.  152,  and  draw  dn  and  /-^  parallel  to  /r;  also,  through  y 
draw  ^jf  parallel  to  lr\  then,  in  the  parallelograms  mnro 
and  gorq,  find  the  elliptic  curves,  rt'w  and  eg^  according  to 
Art.  551,  and  they  will  dehnc  the  curves.  The  line  dp, 
being  drawn  through  /  perpendicular  to  / <\  defines  the 
joint  which  is  to  be  cut  scpiare  through  the  plank. 

276. — Appllratinn  of  Face-mnnldH  to  Plank. — In  Fig. 
152  make  a  drawing,  from  d  l<>  //.  ol  the  cross  sectioa  of  the 
hand-rail,  and  tangent  to  the  lower  corner  draw  the  line^A, 
The  distance  between  the  lines  ;'^'  and  g  h  is  the  thickness  of 
the  plank  from  which  the  rail  is  to  be  cut.  Lay  the  face^ 
mould  upon  the  plank,  mark  its  shape  upon  the  plank,  and 


Fig.   153. 

saw  it  square  through.  To  proceed  strictly  in  accordance 
U'ith  the  requirements  of  the  principles  upon  which  the  face- 
mould  is  formed,  the  cutting  ought  to  be  made  vertically 
through  the  plank,  the  latter  being  in  the  position  which  it 
would  occupy  when  upon  the  stairs.  Formerly  it  was  the 
custom  to  cut  it  thus,  with  its  long  raking  lines.  But,  owing 
to  the  great  labor  and  inconvenience  of  this  method^  efibrts 
were  made  to  secure  an  easier  process.  By  investigation  it 
was  found  that  it  was  possible,  without  change  in  the  face- 
mould,  to  cut  the  plank  square  through  and  still  obtain  the 
correct  figure  for  the  railing,  and  this  method  is  the  one  now 
usually  pursued.  Not  only  is  the  labor  of  sawing  much  re- 
duced by  this  change  ;  but  to  the  workman  it  is  an  entire  re- 
lief, as  he  now,  after  marking  the  form  of  the  wreath  upon  the 
plank,  sends  it  to  a  steam  saw-mitl,  and,  at  a  small  cost>  has  it 
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cut  out  witHi  an  uprig^ht  scroll-saw.     When  thus  cut  out  in 
the  square,  the  upper  surface  of  the  plank  is  to  be  faced  up 
true  and  unwinding,  and   the  outer  edge  jointed   straight 
and  square  from  the  face.     Then  a  figure  of  the  cross-section 
of  the  hand-railing  is  to  be  carefully  drawn  on  the  ends  of  the 
squared  block  as  shown  in   figs,  154    and    155,  and  which 
are  regulated  so  as  to  be  correctly  in  position,  as  follows,  m 
First,  as  to  the  end  //  of  the  straight  part  hj:     In  Fig.  154,  ^ 
let  abed  be  an  end  view  of  the  squared  block,  of  which  a(Jd 
is  the  shape  of  the  end  of  the  straight  part.     Let  the  point/ 
be  the  centre  of  this  end  of  the  straight  part ;  through  / 
draw  upon  the  end  a  e  f  d  the  line  j k,  so  that  the  angle  Ay'^ 
shall  be  equal  to  the  angle  kt i\  Fig.  152.     This  is  the  angles 
at  which  the  plank  is  required  to  be  canted,  revolving  it  on 


154. 


the  axis  of  the  straight  part  of  the  rail.  Through  g  d 
the  line  « //  parallel  with  ah.  Upon  a  thin  sheet  of  metal 
(zinc  is  preferable)  mark  carefully  the  exact  figure  of  the 
cross-section  of  the  rail,  drawing  a  vertical  line  through  its 
centre,  cut  away  the  surplus  metal,  then,  with  this  tcfnplai^^ 
as  a  pattern,  mark  upon  the  end  a  c  fd.  Fig.  1 54,  the  figure  d^ 
the  rail  as  shown,  the  vertical  line  upon  the  template  being 
made  to  coincide  with  the  liney  ^•.  From  u  and  //  draw  the 
vertical  lines  //  in  and  In  parallel  with  j k,  ^ 

Now,  as  to  the  other  end  of  the  square  block:  Let  bf/^^ 
Fig.  155,  represent  the  block,  of  which  bcvn  is  the  form  of 
the  end  at  the  curved   part,  and  ir  its  centre.     Through  o 
draiv/^,  so  that  the  angle  cpq  shall  be  equal  to  the  angle 
Jnb,  Fig.  152.     Also,  through  0  draw  d  h  parallel  with  e  b\ 
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from  lyaoci  U  draw  the  vertical  lines  h  rand  ds  parallel  with 

/f   Place  the  template  on  bcvn,  the  end  of  the  block,  so 

that  the  vertical  line  through  its  centre  shall  coincide  with 

\  its  form,  then  from  y,  at  mid-thickness,  draw  wy 

in  apply ing^  the  mould,  let  Fig.  156  represent  the  upper 

"  I   of  the  squared   block, 

I'll   the  lace-mould  lying 

upon  it.    With  the  distance 

"  i.  Fig.    154,    and    by    the 

^§:c  a  J*,  mark  a  gauge-line 

••pon  the  upper  face  of  the  Fro.  156. 

'9*iarcd  block.    Set  the  outer  edge  of  the  tace-mould  f  o  coin- 
*^dc  with  Lliis  gauge-line.     Let  the  end  of  the  face-mould  be 
*^   at  s*»,  e  70  being  equal  to  f  %v.  Fig.  155;  then  mark  the 
"'*^ck  by  the  edge  of  the  face-mould. 

Now  turn  the  block  over  and  :ipply  the  face-mould  to  the 
'^dcrside,  as  in  Fig.  157.     VVitli  the  distance  </ .vr, /-v.  154. 
'^'^ci  by  the  outer  edge   of  v^ 

,V^  block,  mark  a  gauge- 
^*^c  from  w.  Fig.  157.  Set 
•*Vt;  inner  edge  of  the  face- 
^ould  to  this  gauge  line. 
■*^id  sJidc  it  endwise  till  the 
"distance  tm  shall  equal  eu\  Fig,  155,  then  mark  the  block  by 
^h-  of  the  face-mould.    The  over  wood  may  now  be  re- 

niu  -  1  .  indicated  by  the  vertical  lines  at  the  sides  of  the 
dm^section  marked  on  each  end  of  the  block  <sce  also  Fig. 
167):  the  direction  of  the  cutting  at  the  curves  must  be  verti- 
cal ;  the  inner  curve  will  re(}uirea  round-faced  plane.  A  com- 
parison of  the  several  figures  referred  to,  with  the  directions 
givqn,  together  with  a  little  reflecti«)n,  will  manifest  the 
reasons  for  the  method  here  given  for  applying  the  face- 
mould.  Especially  so  when  it  is  remembered  that  the  face- 
mould  was  obtained  not  for  the /t)»/ of  the  rail,  but  for  the  rail 
at  the  raid-thickness  of  the  block.  So.  therefore,  in  the 
appHoition  to  the  upper  surface  of  the  block,  the  face-mould 
it  ^d  up  the  mk«  far  enough  to  put  the  mould  in  position 
vertically  over  its  true  positional  mid-thickness ;  and  on  the 
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contrary,  in  applyintr  the  face-mould  to  the  underside  olthc 
plank,  it  is  slid  dciwn  until  it  is  vertically  beneath  its  tnje 
position  at  the  mid-thickness  of  the  block. 

When  the  vertical  faces  are  completed,  the  over  wood 
above  antl  below  the  vvrcatli  is  to  be  removed.  In  doing 
this,  the  form  at  the  ends,  as  given  bj^  the  template,  is  asul- 
6cient  j^uicJe  there.  Between  these  the  upj^er  and  under 
surfaces  are  to  be  warped  from  one  end  to  the  other,  so  as 
to  form  a  graceful  curve.  With  a  little  practice  an  intclli- 
gent  mechanic  will  be  able  to  work  these  surfaces  with 
facility.  The  form  of  cross-section  produced  by  this  opera- 
tion is  that  of  a  parallelogram,  tangent  to  the  top,  bottom, 
and  two  sides  of  the  rail  ;  and  which  at  and  near  the  ends 
of  the  block  is  not  quite  full.  The  next  operation  is  that  of 
working  the  moulding  at  the  sides  and  on  top,  first  by  rC' 
bates  at  the  sides,  then  chamfering,  and  finally  moulding  the 
curves.  Templates  to  fit  the  rail,  one  at  the  sides,  aiiolhcr 
on  top,  are  useful  as  checks  against  cutting  away  too  much 
of  the  wood, 

The  joints  are  all  to  be  worked  square  through  the  plan^^ 
in  the  line  drawn  perpendicular  to  the  tangent,  as  shown  in 


\ 
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276,— lliiiicl>Railln«:    for  Circulur  Slair*. — Let  it  bc  I>^ 

quired  to  furnish  the  face-moulds  for  a  circular  stairs  similar 
to  that  shown  in  Fig.  133. 

I'reliniinary  to  making  the  face-moulds  it  is  requisite  10 
make  a  plan,  or  horizontal  projection  of  the  stairs,  and  on 
this  to  locate  the  projections  of  the  tangents  and  develop 
their  vertical    projections.     For  this  purpose  let  bcJe/g, 
fig,  158,  bc  the  horizontal  projection  of  the  centre  of  the 
rail,  and  the  lines  numbered  from  1  to  19  be  the  risers.    At 
any  point,  a,  on  an  extension  of  the  line  of   the  first  riser 
locate  the  centre  of  the  newel.     On  a  as  a  centre  describe  the 
two  circles:  the  larger  one  equal  in  diameter  to  the  diame- 
ter of  the  newel-cap,  the  inner  one  distant  from  the  outer 
one  equal  t<»  half  tiie  width  of  the  rail.     Let  the  first  joint  in 
the  hand-rail  be  located  at  b,  at  the  fourth  riser;  through  b 
draw  //  /•  tangent  to  the  circle.     Select  a  point,  /t,  on  this 
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Thron}j;'h  these  draw  lines  tang^cnt  to  the  circle*  Thej>tl 
horizonital  projection  oi  the  tangents  will  be  the  Vines  Jii\ki 
/ m,  tun,  and  hJ>.  Now,  if  a  vertical  plane  stand  upon  eac 
of  these  lines,  these  planes  would  form  a  prism  not  quit 
complete  standing  upon  the  base-plane,  A.  Upon  these  vc^ 
tical  planes,  C\  D,  E,  F,  G,  and  H,  lines  may  be  drawn  wln( 
at  each  joint  shall  be  tangent  to  the  central  line  of  the  ra|| 
These  arc  the  tang^ents  now  to  be  sought.  Perpendicular 
the  tangents  at  6,  c,  if,  etc.,  draw  the  iines^^^,  cr  ,  f/f/ .  fe^,,//i 
gg„  and  //  lt^„  kk^,  k  i\^,  /  /^,  /  /,,,  etc.  As  d  is  at  the  fourth  ris 
and  the  height  is  counted  from  the  top  of  the  first  ris 
make  A  d^  equal  to  three  risers.  (To  avoid  extending  ih 
drawing  to  inconvenient  dimensions,  the  heights  in  it 
made  only  half  their  actual  size.  As  this  is  done  unifarinlf 
throiiglioiit  the  drawing,  this  reduction  will  lead  to  no  crro 
in  the  desired  results.)  As  c  is  on  the  eighth  riser,  therefa 
make  c  c  equal  to  seven  risers,  and  so,  in  like  manner,  mate' 
the  heights  ti(i,ci-„  and  f/^  each  of  a  height  to  correspond 
with  the  number  of  the  riser  at  which  it  is  placed,  deduct- 
ing one  riser.  These  licights  fi.\  the  locatii>n  of  each  tangent 
at  its  point  i>{  contact  with  the  central  line  of  the  i^ail.  But^ 
each  tangent  is  yet  free  to  revolve  on  this  point  of  contac 
up  or  down,  as  may  be  required  to  bring  the  ends  of  each 
pair  of  tangents  in  contact;  or,  to  make  equal  in  height  ihc^ 
edges  of  each  pair  of  vertical  planes,  which  coincide  aft 
they  are  revolved  on  their  base-lines  into  a  vertical  position: 
as,  for  example  :  the  edges  k  k\  and  k  i\^  of  the  planes  Cw 
D  must  be  of  equal  height ;  so,  also,  the  edges  //,  and  // , 
the  planes  D  and  E  must  be  of  equal  height.  The  methc 
of  establishing  these  heights  will  now  be  shown. 

To  this  end  let  it  be  observed,  that  of  the  horizontal  pr 
jection  of  any  pair  of  intersecting  tangents,  their  lengtl 
from  the  point  of  intersection  to  the  points  of  contact  wi 
the  circle,  are  equal;  for  example:  of  the  two  tangents 
and  Ik,  the  distances  from  k,  their  point  of  intersection,  to  h 
and  r,  their  points  of  contact  with  the  circle,  are  equal  ;  ai 
SO  also  r/  equals  ///,  dm  equals  <■  «/,  etc.    It  will  be  obsei*v< 


•  A  tangent  is  a  line  perpendicular  to  the  radius,  drawn  from  llie  poini 
contact. 
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<fcis  equality  is  not  dependent  on  b,c,d,  etc.,  the  points 
contact,  being  disposed   at  equal  distances;  for,  in  this 
ipic,  they  arc  placed  at  unecjual  tiistances,  some  being  at 
three  treads  apart  and  others  at  four;  and  yet  while  this  un- 
diHtribiition  of  the  points  /\  c,d,  etc.,  has. the  efTect  of 
ising^  the  point  of  contact,  as  t\  c.  or  r.  to  divide  each  whole 
tang[tDt  into  two  unequal    parts,  it   does   not  disturb   the 
equality  of  the  two  adjoining-  parts  of  any  two  adjacent  tan- 
gents.    Now,  because  of  this  equality  of  the  two  adjt^ining 
parts  of  a  pair  of  tangents,  the  height  to  be  overcome  in 
fatting   from  one    point  of   contact   to   the  next  must   be 
cfirided  equally  between  the  two :  each  tangent  takes  half 
the  clislance.     Therefore,  for  stairs  of  this  kind,  the  arrange- 
in,  ^  symmetrical,  we  have  this  rule  by  which  to  fix 
til',      .^..;  iif  the  ends  of  any  two  adjoining  tangents,  namely. 
To  the  height  at  the  lower  point  of  contact  add  half  the  dif- 
ference between  (he  heights  at  the  two  pqinls  of  contact: 
^c  .vum  will  be  the  required  height  of  the  two  adjoining 
•n<Js  of  tangents.     For  example :  the   heights  at  b  and  r, 
•n  adjacent  points  of  Cf)ntact.  are  respectively  three  and 
^<^vcn  risers;  the  difference  is  four  risers;  half  this  added  to 
'■^rce,  the  height  of  the  lower  rise,  gives  five  risers  as  the 
fight  of  kk,  I'k  ,  the  height  at  the  adjoining  ends  of  the 
rents  A  X' and  Ik.     Again,  the  heights  at  rand  ti  are  rc- 
ctivcly  seven  and  ten  risers ;  their  difference  is  three ; 
ia3f  of  which,  or  one  and  a  half  risers,  added  to  seven,  the 
t  at  the  lower  point  of  contact,  makes  nine  and  a  half 
as  the    heights  //,,  //  ,  at  the  ends  of  the  adjoining 
igents  k  i  and  m  A     In  a  similar  manner  are  established 
ic  '        '  '  >  of  the  tangents  at  tti,  ti,  anfl /. 

it:  for  finding  the  htright?>  of  tangents  as  just  given 

its  applicable  to  circular  stairs  in   which  the  treads  are  di- 

vld'  ■  illy  at  the  front-string,  as  in  /•'^^,^  l«;S.      Stairs  of 

lirrL^..--     \Ai\u  require  t«»  have  drawn  an  elevation  of  the 

[Tail,  stretched  out  into  a  plane,  upon  which  the  tangents  can 

This  will  be  shown  farther  on. 

.    i-ations  of  the  joints  c,d,t,  in  this  example,  were 

lt«4>oscd  at  unequal  distances  merely  to  show  the  effect  on 

the  tangents  as  before  noticed.     In  practice  it  is  proper  to 
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locate  them  at  equal  distances,  for  then  one  (ace-motlid  ir 
such  a  stairs  will  serve  for  each  wreath. 

When  the  tangent  at  G  has  been  drawn,  the  level  tangent 
for  the  landing^  may  be  obtained  in  this  manner:  As  the 
joint  y  is  located  at  the  eighteenth  riser,  one  riser  below  ihe 
landing.  dra\%'  a  horizontal  line  at  s,  one  riser  above  tlic  point 
/,  and  at  half  a  riser  above  this  draw  the  level  line  at/>^ :  lhe« 
this  line  is  the  level  tangent,  and  f>  its  point  of  intersection 
with  the  raking  tangent.  Draw  the  vertical  line//,  and 
from  /  draw  the  tangent/^,  which  is  the  horizontal  projec- 
tion i>f  the  tangent  /,  ^,  on  plane  H  (which,  to  avoid  undue 
enlargement  of  the  drawing,  is  reduced  in  height j,  where 
//..  equals// . 

To  obtain  the  horizontal  tangent  /  u  at  the  newel.  prt>- 
CQCil  thus:  Fix  the  point  r,  in  the  tangent  r  k^,  at  a  height 
above  ^  /  equal  to  the  elevation  of  the  centre  ot  the  ncwd 
above  the  heig^ht  of  a  short  baluster — for  example,  from  5 
to  S  inches  -and  draw  a  line  through  r  paraljel  to  bt\  this 
i*  a  horijtontal  line  through  the  middle  of  the  height  of  the 
ncweU-^p.  and  ufK>n  which  and  the  rake  the  easement  tn 
the  newel  is  lV»rraeil.  Perpendicular  \o  b  t  draw  r  /,  ami  )om 
/  ami  ai ;  then  /  m  is  the  horizontal  tangent. 


277.— P«er-Xout4l9  n»r  €lr«>ular  Stairs At  Fif^.  1 59  the 

\\\\\\\  ol  the  newel  and  the  adjacent  hand-rail  are  repealed. 
but  up»Mi  an  enlarged  scale ;  and  in  which  bb,  is  the  redua-d 
height  oi  the  p«nt  ^,  or  is  equal  to  bb,  less  tr,Fig.\*i' 
\s\\\\  the  angle  bb  /equals  the  angle  bb^r  of  Fig.  158.  In 
tlUH  plan  the  acimaJ  heights  must  now  be  taken.  Ji)in  /and 
u  ;  thru  /  *  is  the  level  tangent,  as  also  the  line  of  intersection 
\>i  \\\o  cutting  plane  6' and  the  horizontal  plane  A.  Perp<?n- 
tHi  uUr  tv»  /  »«  at  a  point  /  or  anywhere  above  it,  draw  «  ^,  • 
ISkrallrl  with  /  m  draw  bb^^ ;  make  b^^  ^,„  equal  to  ^^  :  jf>" 
^.,  and  w, ;  then  the  angle  bb^,,  u^  is  the  angle  which  tin- 
\\\$\\V  in  position  makes  with  a  vertical  line,  or  what  is 
vt^iu^^Uy  termed  the  ftinmb-bci'iL  Perpendicular  to  b  ,  », 
diaw  #.  a„  and  ^..  b^^, ;  make  b,,,  b^,,,  ctjual  to  bb^^ ;  make  *, 
i,  iHpml  to  •,  /,  and  k,  m,^  to  it,  « ;  join  b^^,,  and  /, ;  then  b,,,,  t,  b 
th«*  tttn)^.'nt  in  the  cutting  plane,  the  horizontal  projection  ol 


is  bt.  The  butt-joint  at  b^^^^  is  drawn  square  to  the 
:nt  ^,,,,  t^.  Parallel  to  the  intersecting  line  t  «,  draw 
lates  across  the  plane  A  from  as  many  points  as  desir- 
and  extend  them  to  the  rakc-linc  u,  h^^^ ;  through  the 
S  of  their  intersection  with  this  line,  and  perpendicular 
draw  corresponding  ordinates  across  the  plane  C.  Make 
,,  equal  to^,  d,  and  so  in  like  manner,  for  all  other  points, 


Fig.  159, 


n  in  the  plane  C  for  each  point  in  the  horizontal  plane 
;  corresponding  point  in  the  plane  C\  in  each  case 
g  the  distance  to  the  point  in  the  plane  A  from  the  tine 
md  applying  it  in  the  plane  C  from  the  rake-line  u,  /\^,. 
the  curves  bend  a  flexible  strip  to  coincide  with  the 
•al  points  obtained,  and  draw  the  curve  by  the  side  of 
trip.     The  point  ol  the  mitre  is  at  </,  „,  the  mitre-joint  is 
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shown  at  hd,  and  d 


The  line  f  i\^  is  drawn  thi 


th( 


ojecti 


li  of  the  miti 


■allcl  to  I 


most 
rakc-linc  u^  b^^^.     Additional  wood  is  left  attached,  extending 
from  //  to  f\  this  is  an  allowance  to  cover  the  mitre,  vvhiti 
has  to  be  cut  vertically  ;  the  butt-joint  at  b^^^^  and  the  l.iceat 
f  c^,  arc  both  to  be  cut  square  through  the  plank.     The  face 
fc,,^  because  it  is  parallel  to  the  rake-line  «  b    ,  is  a  vertical 
face,  as  wctl  as   bcin^    perpendicular  to  the   surface  of  ihe 
plank.     On  it,  therefore,  lines  drawn  according  to  the  rake. 
or  like  the  angle  //,  ^,,,  ^,.  will  be  vertical  and  will  give  the 
direction  of  the  mitre-faces.     We  now  have  at  6  the  face- 
mould  for  the  railing  over  the  plan  from  b  to  d  in  A.    The 
mould  thus  found  is  that  made  upon  a  cutting  plane  C,  passed 
through  the  plank,  parallel  to  its  face,  but  at  the  middle  of  ^ 
its  thickness.     To  put  it  in  position,  let  the  plane  C  be  lifte^f 
by  its  upper  q^^q.  £^^  and  revolved  upon  the  line  it  b^^  unlli 
it  stands  perpendicular  to  the  plane  H.     Now  revolve  both 
tTand  />  {kept  in  this  relative  position  during  the  revolutiorH 
upon  the  line  u,  b^   until  the  plane  B  stands  perpendicular  lo 
the  plane  A.     Then  every  pt>int  upon  plane  C  will  bcvati- 
cally  over  its  corresponding  point  in  the  plane  .r-i.     For  ex- 
ample, the    point  b,^^,  will   be  vertically  over  b,  t,  over  /, 
and  so  of  all  other  points.     To  show  the  application  of  the 
face-mould  to  the  plank,  make  b^^,  b^  equal  to  hall  the  thick- 
ness of  the  plank ;  parallel  to  u^  b,^^  draw  b^  r,  a  line  which 
represents  the  upper  surface  of  the  plank,  for  the  \\i\tn,h., 
is  at  the  middle  of  the  thickness.     Through  b^^^^,  and  juniHd 
with  b^^,  «,,  draw  the  line  c,  b^^,,  and  extend  it  across  the  face- 
mould  ;  make  b^^^^  c^  equal  to  b^  c ;  through  r  ,  and  parallel  with 
b^^^^  /,.  draw  i\  c.     Now,  ;//  tio^p  is  an  end  view  of  the  plank. 
showing  the  face  view  of  the  butt-joint  at  ^^,^,.     Throu^'l^  r. 
the  centre,  draw  a  line  parallel  with  the  sides.     Then  /'.i  rc|' 
resents  the  point  b^^^/^  make  ^^,  t\  equal  to  ^,,^,  c\  through  ^ 
the  centre,  draw  <•,  r  across  the  face  of  the  joint ;  \\Kt\\t,f^ 
a  vertical  line  (see  Art.  284),  parallel  and  i>erpcndicular  ••' 
which  the  four  sides  of  the  squared-up  wreath  are  to  bo 
drawn  as  showr*.    In  applying  the  face-mould  to  the  plank  at 
first,  for  the  purpose  of  marking  by  its  edges  the  form  of  ^^ 
face-mould,  it  will  be  observed  that  the  face-mould  is  under* 
stood  to  have  the  position  indicated  by  the  line  a,  ^^,,,  or** 
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middle  of  the  thickness  of  the  plank.     By  this  marking 
Uic  miUpiece  is  cut  square  tlirough  the  phmk,  and  this  cut- 
ting f^vcs  the  correct  form  of  the  wreath,  but  ofi/y  at  the 
'  "    of  ihe  thickness  of  the  plank.     After  it  is  cut  square 
■  \h  the  plank,  then,  to  obtain  the  form  at  the  upper  and 
wdcr  surfaces,  the  face-mould  is  required  to  be  moved  end- 
cirallel  with  the  auxiliary  plane  J>,  and  so  far  as  to 
:ice-n)»nild  into  a  position  vertically  over  or  under 
its  true  position  at  the  middle  of  the  thickness  of  the  plank. 
'  unple,  the  point  d^^^^,  if  the  nioidil  were  place<l  at  the 

-:.,  of  the  thickness  of  the  plank,  would  be  at  the  height 
of  the  point  h,^/,  but  when  upon  the  top  of  the  plank,  the 
[xmi  ^^     would   have  to  be  at  the  height  of  the  point  r , 
clorc  the  mould  must  be  so  moved  that  the  point  A^^^^ 
pass  from  <^»  to  ^ ;   consequently  dy  r  is  the  distance 
^e  mould  must  be  moved,  or,  as  it  is  technically  termed, 
'he  shding  distance ;  hence  /',^^,  r,,  which  is  equal  to  ^^  c,  is 
*l>e  distance  the  mould  is  to  be  moved:  up  when  on  top, 
^nd  down  when  underneath.    This  is  more  fully  explained 
U  Art,  2«4. 

278. — FRrc-Muulds  for  Circular  Mulm, — At  Fsg".  160  so 

'iJuch  of  the  hurizonial  projection  ot  the  hand-railing  of 
Stairs  in  /"V^.  i$S  is  repeated  as  extends  from  the  joint  /^  to 
that  at  //,  but  at  an  enlarged  scale.  Upon  the  tangent  ^ X* 
ict  up  the  heights  as  given  in  /Y^.  158;  for  example,  make 
^Jt,  equal  to  /,,/•,,  of  ft^'-,  158,  and  r<-,  equal  to  r,r  of  Ft^. 
1 58.  Join  c^  and  i\  and  extend  the  line  to  meet  <r>fr,  extended, 
li  a.  Join  it  and  ^  ;  then  ft/t  is  the  line  of  intersection  of 
he  cutting  and  horizontal  planes;  it  is  therefore  a  horizon- 
al  line,  parallel  to  which  the  ordinatcs  are  to  be  drawn, 
'idicular  to  a  f>  draw  ^^1-^,,^.  Parallel  to  a />  draw  rc^^ 
, ;  join  ft,  and  r,, ;  the  angle  rr,^  d^  is  the  plumb-bcvU; 
icr]>cndicuLir  to  fi,  r,  draw  ^,  ^  ,,  <fr^  Z"^^,  and  c^^  r  ;  make  6,^^^ 
'  10  fi,  fi,  and  so  of  the  other  two  p(»ints,  i\  and  r^  ,  make 
\\  respectively  equal  to  iheir  horizontal  projections  upon 
pbnc^^.  Join  *,„  and  k^/,  also,  ^  and /^, ;  then  ^,,X*„^ 
^/u^iti  ^^  ^^^^  tangents.  From  i\^^  draw  the  linc<r*„i„ 
llel  to  <^,  r , :  this  is  the  slide-line.     In  this  example,  this 
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line  passes  throusxh  the  point  b,-,  the  slide-line  doti, 
always  pass  through  the  ends  of  the  two  tangents;  it  ' 
required  to  pass  through  both,  but  it  is  indispensable  th 
be  drawn  parallel  with  the  rake-line  <^,  r,,.  The  lines  foi 
joints  at  each  end  are  drawn  square  to  the  tangent  li 
Points  in  the  curves,  as  many  as  are  desirable,  are  nou 
be  found  by  ordinates  as  shown  in  the  figure,  and  as  be 


Fig.  160. 

explained  for  the  points  in  the  tangents.  The  curves 
made  by  drawing  a  line  against  the  side  of  a  flexible  i 
bent  to  coincide  with  the  points. 

The  face-mould  may  be  put  in  position  by  revolving 
planes  fand  /j\  as  ex[>laincd  in  the  last  article,  for  thfl 
at  the  newel. 

The  face-mould  for  the  rail  over  the  plan  from  c  io  d\ 
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stained  in  a  similar  manner,  taking  the  heights  from  Fig^, 

\\t     For  cxamplf,  make  dd,  equal  to  d,^d^  of  Ft^.  i$8,  and 

'   // ^lual  lo  /,,,/,,  of  Fig,   158   (inking  the  heights  at  their 

««r/m/  measurement  now).     Join  d   and  /,.  and  extend  the 

^    J    line  10  meet  the  line  ///  extended  in  r;  join  r  and  r ;  then  re 

^%  b  the  line  of  intersection,  and  parallel  to  which  the  ordinates 

"l  arc  to  be  drawn.    The  points  in  the  face-mould  may  now  be 

r   obtained  as  in  the  previous  cases,  giving  attention  hrst  to 

'he  tangent  and  slide-line :  drawing  the  lines  for  the  joints 

I    perpendicular  to  the  tangents. 

It  may  be  remarked  here  that  the  chord-line  bi-'\s  parallel 

*^ith  the  measuring  line  /','■,,,,,,  and  that  the  line  t^X- bisects 

^He  chord-line;  so,  also,  the  line  oi  bisects  the  chord-line  cd, 

''Kis  coincidence  is  not  accidental ;  it  will  always  occur  in  a 

fo^ular  circular  stairs. 

Hence  in  cases  of  this  kind  it  is  not  necessary  to  go 
|H  rough  the  preliminaries  by  which  to  obtain  the  intersect- 
'**^  line  a  by  but  draw  it  at  once  parallel  to  ihe  line  ok, 
|^55ccting  the  chord  be  and  passing  through  the  point  of 
*iteT5cction  of  the  two  tangents.  For  the  distance  to  slide 
^Hc  mould  in  its  aftcr-ap|)lication,  the  lines  arc  given  at  r^^ 
•*»d  </,,,  and  their  use  is  explained  in  the  last  article,  and 
J***orc  fully  in  Art.  284. 

279. — Fnoc-9luiil(l!>  for  CIrruliir  Mnir«,  ticnln. — At  Fig^. 

*d  so  much  of  the  plan  of  the  hand-railing  of  the  stairs  of 
•^ig.  is8  is  repeated  as  is  required  lo  show  the  rail  from  / 
Vj/",  but  drawn  at  a  larger  scale.  To  prepare  for  the  facc- 
tioulds,  perpendicular  to  //  draw  pp  ,  and  make  pf>^  equal 
to  -  *  of  Fig.  158  (taking  this  height  now  at  its  acttial 
t^,  menl);  join  /.  and  /:  then //>^  is  the  tangent  of  the 

Vertical  pbnc  T,  and  /  is  a  point  in  the  cutting  plane  at  its 
Intersection  with  the  basc-ptane  A.  Now  since  r s,  the  tan- 
^^nt  over  pg,  is  horizontal  and  is  in  the  cutting  plane, 
therefore  from  /  draw  /a  parallel  with  rsor  pg\  then  fa 
is  the  line  of  intersection  of  the  cutting  and  horizontal 
planes,  and  gives  direction  to  the  ordinates.  Draw  /^p^,^ 
pcrpcndicubr  to  fa ;  make  p,„p.,  equal  to  />/, :  join  p^,  and 
^  ;  then  the  angle  pp„f,  is  the  plumb-bevil ;  perpendicular 
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to  A,/  draw  //,  and  p^,p„,,;  make  A, A...  equal  t 
/,<^  equal  to  A,,/;  join  d  and  /,^ :  then  r//,  and  ^j 
the  tangents.  Make  A,  ^  equal  to  half  the  thickness 
plank;  draw/,, «  parallel  with  /A/'  make /^ a  equaj 
draw.rtr,  parallel  with  the  tangent /,«';  through  j 
pendicular  to  /,,  (it,  draw  the  line  for  the  butt-joint ;  th 
is  the  distance  required  to  determine  the  vertical  line 
face  of  the  joint  at  /,,  as  shown  at  A.    Through  A 


B 


p. 


»      s 


Fig.  j6i. 


1 


pendicular  to  the  tangent  Az/v*^'  draw  the  line  for  th 
joint;  make  p^^^^  &  cq\i:i\  to  cc,  then  P^,,,l>  is  the  d 
required  for  determining  the  vertical  line  on  the  face 
joint  at  A//,F  as  shown  at  B  {see  Ar/.  284).  The  curv< 
are  obtained  by  drawing  a  line  against  the  edges  of 
ble  rod  bent  to  as  many  points  as  desirable,  obtaii 
measuring  the  ordinatcs  of  the  plan  at  A  and  trans 
them  to  the  face-mould  by  the  corresponding  ordioi 
before  explained. 


RAILING  FOR  QUARTER-CIRCLE  STAIRS. 
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^^^.--Hand.Riiiiing  for  Wiii«IIiis  !«»inlr».-  The  term 
windi^t^  is  applied  more  particularly  to  a  stairs  having  steps 
nt  parallel  width  compounded  with  those  which  taper  in 
vidth,  as  in  Fig.  135,  and  as  is  here  shown  in  Fi^.  162,  in 
which  fa  be  represents  the  central  line  of  the  rail  around  the 
cylinder,  and  the  quadrant  dc,  distant  from  the  hrst  quadrant 
10  inches,  is  the  tread-line,  upon  which  from  d,  a  point  taken 
at  pleasure,  the  treads  are  run  off.     Through  e,  perpendicu- 


jnL 


/ 


1 


Fio.  162. 


^^  to  af,  draw  ae  (the  occurrence  here  of  one  of  the 
P*^*nts  of  division  on  the  tread-line  perpendicularly  opposite 
"'  the  spring  of  the  circle,  is  only  an  accidental  coincidence) ; 
"^^kc  aa^  equal  to  two  risers;  join  rt^  and  /.  With  the 
"^^nieter  ac^  on  ^  as  a  centre,  describe  the  arc  at  g,  crossing 
"*'  extended;  through  b  draw  ^b^\  then  ab,  is  the  stretch- 
^t,  Or  development  of  the  quadrant  a  h. 
Through  h  dra\v  h  i,  tending  toward  the  centre  of  the 


i 


cylinder;  make  ^,  t\  equal  to  dt;  perpendicular  to  /^^  dravr 
d^  b^^  and  /  /  ^.     As  there  are  four  risers  from  e  to  //,  make 
a^a,^  equal  to  four  risers,  and  draw  a^J^^  parallel  with /tf, 
through  i.^  draw  a^  b^, ;   by  intersecting  lines,  or  in  any  coo- 
venient   manner,   ease   off    to  any   extent  the    angle  /a^ ;,, 
Through  j\  a  point  in  this  curve  (^chosen  so  as  to  be  perpen- 
dicularly over  ;//,  a  point   between  a  and  /,  nearer  to  tf), 
draw  kl,2i  tangent  to  the  curve.     Perpendicularly  to  this 
tangent,   through  J,   tlraw   the    line    for   a   butt-joint;  ako 
through   b^^,  and   perpendicularly  to  (ifb^^,  draw  the  line  for 
the  joint  at  the  centre  of  the  half  circle.     On  the  lineatf,, 
set  up  points  of  division  for  the  riser  heights,  and  through 
these  points  of  division  draw  horizontal   lines  to  the  line 

KJf- 

From  these  points  of  contact  tli  op  perpendiculars  to  the 
line  fa  /',,  and  transfer  such  of  them  as  require  it  to  the  circle 
a  r',  by  drawing  lines  tending  to  ^^     Through  these  points  <^ 
intersection  with  the  central  lineof  the  rail, and  through  tl'*'' 
points  of  division  on  the  tread-line,  draw  the  riser-lines  w/'  ^ 
a  fi,  etc     At  half  a  riser  above  the  floor-line,  on  top  of  ll"^'^ 
upper  riser  draw  a  horizontal  line,  and  ease  off  the  angle  r^^ 
shown  ;   the  intersection  of   the   lloor-line   with   this  curv  ^^ 
gives  the  position  of  the  top  riser  at  the  centre  of  the  rrui^^ 
This  completes  the  plan  of  the  steps  and  the  elevation  of  tlifc^^ 
rail— requisite  preliminaries  for  the  face-moulds.    Thegradii — 
ation  of  the  treads  from  flyers  to  winders  obviates  an  abrupC^^ 
angle  at  their  junction   in  the  rail  and  front-string.     The 
objection   to   the   graduation,  that   it   interferes    with    th 
regularity  of  stepping  at  the  tread-line,  is  not  realized  ii 
practice. 

^^f  261.-  FttcolWoiilds  for  14  Indlni;  (stain. — At   Fig.    163 

W  much  of  the  plan  at  Fij^.  162  is  repeated  as  is  required  lor  tl 

I  face-moulds,  but  for  p>erspicuity  at  twice  the  size.    The  hoi 

I  zontal  projection  of  the  tangents  for  the  first  wreath  are  at 

I  and  db  drawn  at  right  angles  to  each  other,  tangent  to  tl 

I  circle  at  a  and  b.     Let  those  tangents  be  extended  beyor 

I  d;  through  w,  the  lower  end  of  the  wreath,  draw  w//,  mal 

I  ing  an  angle  with  md  equal  to  that  in  Fig.  162,  between  ihi 


STAIRS. 


and  tlic  plane  D  on  ff  until  they  each  stand  vertical  to  ll 
plane  A,  the  lines  md,,  ^>i^,„  ^.nd  r^,,/^  will  constitute  tb 
tangents  of  the  two  wreaths  in  position.  This  arrangeraent 
locates  the  upper  joint  of  the  upper  wreath  at  /,  leaving /r,; 
a  part  of  the  circle,  to  be  worked  as  a  part  of  the  long  lev< 
rail  on  the  landing.  As  the  tangent  over  <•/ is  level, 
raking  part  of  the  rail  will  all  be  included  in  the  wreath^/' 
so  that  at  the  joint  /  the  rail  terminates  on  the  level. 

The  portion  fc,  therefore,  is  a  level  rail  requiring  no 
canting,  and  it  requires  no  other  face-mould  than  that  afforded,^ 
by  the  plan  from  /  to  c. 

For  the  face-mould  for  the  rail  over  m  ab,  let  the  line  e^,d^ 
be  extended  to  m^,  a  point  in  the  base-line  b  m^  ;  then  w,  is  1 1 
point  in  the  base-plane  -•/,  as  well  as  in  the  cutting  planed; 
therefore  the  line  w^  m  is  the  intersecting  line    parallel  10 
which  all  the  ordi nates  on  plane  A  are  to  be  drawn.    Per- 
pendicular  to  this  intersecting  line  m^  m,  at  any  convenient 
place  draw  m,  b^ ;  make  b^  b,^^  parallel  to  m,  m  and  equal  to 
bb,^ ;  connect  ^^^  with  ;// ,  a  point  at  the  intersection  of  the 
lines  /«v  m  and  b^  m^ ;  then  the  angle  bb^^  m^  is  the  plumb- 
bevil.     Through  d,  parallel  to  ni^  «/,  draw  df^</^^ ;  from  ibc 
three  points  w^,  d^^,,  and  b^^^  draw   lines   perpendicular 
#«  ^^,  :  make  7«  m.^  equal  to  m^  m ;  make  b^^.  b^^^^  equal  to  h^i 
Since  the  measuring  base-line  w^  b^  passes  through  </,  tli 
point  of  the  angle  formed  by  the  two  tangents,  d^^^  is 
point  of  this  angle  in  the  cutting  plane  E\  therefore  join  «r;J 
and  (/ ^^,  also  (/ ^^  and  b^^^^ :  then  b^^^^  d^^^  and  d^^.  m,,  are  the 
two  tangents  at  right  angles  to  which  the  joints  at  tn^^  and 
b^  ^^  are  drawn.   The  curves  of  the  face-mould  are  now  found 
as  usual,  by  transferring  the  distances  by  ordinates,  as  shown, 
from  the  plane  A  to  the  plane  ZT,  making  the  distance  from 
the  rakc-line  m^  b^^^  to  each  point  in  plane  E  equal  to  the  dis- 
tance from  the  corresponding  point  in  the  plane  A  to  the 
measuring  base-line  m^  b.  Now,  to  obtain  the  sliding  distance 
and  the  vertical  line  upon  the  butt-joints,  make  ^^^,  b^  equal 
to  half  the  thickness  of-the  plank;  parallel  with  ;«,  b^^^  draw 
by  b,y ;  also,  ^,,^,  ^»„  and  nt^^  m^^^  \  make  *,,,,  ^,h  and  w„  m„, 
each  equal  to  b^  b^\\  through  ^,.,1  and  w^^,,  and  parallel  to  the 
respective  tangents,  draw  b^i\  b^  and  fn^^,  rn^^^,;  then  b,  and 


fft.^t,  are  the  points  from  wbich,  through  the  centre  of  the 
butt-joints,  a  Hue  is  to  be  drawn  which  will  be  vertical  when 
the  wreath  is  in  position.     (See  Ar/.  284.) 

For  the  face-mould  for  the  upper  quarter,  through  d,  Fig, 

163,  draw  b  e^  parallel  with  d„  e^^  \  make  e  e^^^  equal  to  ee^ ; 
draw  e„,f,  parallel  with  e  f.  Now,  since  f ,,, /,  is  a  horizon- 
tal line  and  is  in  the  cutting  plane  F,  therefore,  parallel  with 
e^^^f^  and  through  b^,  draw  b  n;  then  b  n  is  the  required  in- 
tersecting line.  Extend  e  f  to/^  ;  make//^  equal  to  //  ; 
join/^^  and  n  ;  then  the  angle /y]^  //  is  the  plumb-bevil.  Per- 
pendicular to  nf,^  draw/^^y^,,  and  un  ,  and  make  these  lines 
respectively  equal  to  ^^  /  and  b  n  ;  join  /,  and  /^/,  also  J\^^ 
and  w, ;  then  /,  /^^^  and  /^^^  n^  are  the  required  tangents. 
The  butt-joints  at  y  and  n,  are  drawn  perpendicular  to  their 
respective  tangents.  To  get  the  slide  distance  and  vertical 
lines  on  the  butt-joints,  make/,,/^  equal  to  half  the  thickness 
of  the  plank  ;  parallel  with  «/,,  through  f\  dr^iw  f^f^^.^ ;  also, 
through  n^  draw  n^  n^, ;  make  n^  n^^  equal  to  fy  /,,,/,  through 
«„  parallel  with  w^y;,^,  draw  «,^  «^^, ;  then  «^^^  is  the  point 
through  which  a  line  is  to  be  drawn  to  the  centre  of  the 
butt-joint,  and  this  line  will  be  in  the  vertical  plane  contain- 
ing the  tangent.  So,  also,  parallel  with  the  tangent  /,  /^^, 
and  through  /^^  ,  drawy^^^/vj '.  then/^.,  is  the  point  through 
which  a  line  is  to  be  drawn  to  the  centre  of  the  butt-joint 
(see  Art.  284).  The  curve  is  now  to  be  obtained  by  the 
ordinates,  as  before  explained. 

282. — Faee-jlfonlds  for  %Vinilliit;r  $luirit,  ukhIii.  —  In   the 

last  article,  in  getting  the  face-moulds  for  a  winding  stairs, 
the  two  wreaths  arc  found  to  be  very  dissimilar  in  length. 
This  dissimilarity  may  be  obviated  by  a  judicious  location  of 
the  butt-joint  connecting  the  two  wreaths,  as  shown  in  Fig. 

164.  Instead  of  locating  tlie  joint  ]>rccisely  at  the  middle  of 
the  half  circle,  as  was  done  in  Fig,  163,  place  it  farther  down, 
say  at  w,  which  is  at  n  in  Fig.  162,  two  risers  down  from  the 
top,  or  at  any  other  point  at  will.  Then  through  n  in  the 
plan  draw  ///,  s  tangent  to  the  circle  at  n  ;  and  perpendicu- 
lar to  this  tangent  draw  n  n^^^  and  d  d^^ ;  make  n  ?/^,  equal  to 
n,  H  of  Fig.  163 ;  from  d  erect  d  d^   pcrpendiciihir  to  m  d; 
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make  the  angle  d  m  </,  equal  to  that  of  b^^^  j  /  of  Fig,  l6i 
Make  d  d,^  equal  to  d  d, ;  join  //,  and  «,^  and  extend  the  line 
to  w^,  a  point  of  intersection  with  the  base-line  n  n^ ;  then  « 
is  a  point  in  the  base-plane,  as  also  in  the  cutting  plane; 


Fig.  164. 


therefore  m^  m  is  the  intersecting  line  parallel  to  which  all 
the  ordinatcs  of  the  plan  are  to  be  drawn,  and  perpendicular 
to  which  vt^^  «^,  the  measuring  base-line,  is  drawn.  Mak^ 
"/  *^u,t  equal  td  n  tt^^ ;  connect  m^,  and  «^,,,,  and  then  transfer 


nnatcs  to  the  cutilnj*^  plane  ///  d  and  «  the  three 
points  of  the  plan  at  the  ends  of  the  tangents,  as  before  de- 
scribed, as  also  such  points  in  the  curve  as  may  be  required 
to  mark  the  curve  upon  the  Ihcc-mould.  all  as  shown  in  prcvi- 
ousexumplcs.   For  the  face-mould  of  the  upper  wreath,  make 
*„  »,„  equal  to  ««.,  of  fig.  162.     From  n^^,  draw  n^^  5,^  par- 
allel with  m^  s ;  extend  the  line  r/^  «^,  to  intersect  //, .^  .«,,  in  s^^  -, 
parallel  with  «,^,  tt  draw  s^^  s ;  from  s  draw  s  r  tangent  to  the 
circle  at  r  (j  n  equals  j  r) ;  through  r,  tending  to  the  centre  of 
f^e  cylinder,  draw  the   butt-joint ;  then  r  s  and  j  n  are  the 
horizontal  |)rojections  of  the  tangents  for  the  upper  wrcath- 
ptecc,  the  tangent  sr  being  level  and,  consequently,  parallel 
to  the  intersecting  line  drawn  through  n.     Perpendicular  to 
^ ^  draw  r^  p  ;  parallel  with  ;f ,  j  ,  draw  w  j  ;  make  r,  r  .  equal 
^s s,\  join  r  ,  and /.    From  this  line  and  the  measuring  bi\se- 
''ie  T^p,  the  points  for  the  tangents  arc  first  to  be  obt;iined 
***d   then  the  points  in  the  curve,  all  as  before  described. 
*  ^c  part  of  the  circle  from  r  to  c  is  on  the  level,  as  before 
*«Own,  and  may  be  worked  upon  the  end  of  the  long  level 
"^U,  its  form  being  just  what  is  shown  in  the  plan  fromrtor. 

283. — P«c«-I»Ioulilii :  Test  c>r  Aecarac?}. —  The    methods 
lich  have  been  advimced   for  obtaining   face-moulds  are 
kscd  upon  principles  of  such  undoubted  correctness  that 
^^cre  can  be  no  question  as  to  the  results,  when  the  methods 
^5^vcn  arc  thoroughly  followed.     And  vet,  notwithstanding 
^^c  correctness  of  the  system  and  its  thorough  coniprehen- 
^^100  by  the  stair-builder,  he  will  fail  of   success  unless  he 
^^erciscs  the  greatest  care  in  getting  his  dimensions,  his  per- 
^lendiculars.  and  his  angles.     The  slightest  deviation  in  a 
^perpendicular  terminated  by  an  oblique  line  will  result  in  a 
'^na^nificd  error  at  the  oblique  line.     To  secure  the  greatest 
^tossiblc  degree  of  accuracy,  care  must  be  exercised  in  the 
chuicc  of  the  instruments  by  w  hich  the  drawings  are  to  be 
Ic;  care  to  know  that  a  stmight-edge  is  what  it  purports 
be;  that  a  square,  or  right-angle,  is  truly  a  right-angle; 
lat  the  compasses  or  dividers  be  well  made,  the  joint  per- 
fect, and  the  ends  neatly  ground  to  a  point.     Then  let  the 
|,drawing-board  be  carefully  planed  to  a  true  surface ;  and, 
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if  possible,  let  the  drawing,  full  size,  be  made  upon  large, 
stout  roH-pa[)er  rather  than  upon  tlie  drawing-board  iistH, 
as  then  the  points  for  the  face-mould  may  be  pricked  throo] 
upon  the  board  out  of  which  the  face-mould  is  to  hccut.aii 
thus  a  correct  transfer  be  made,  For  long  straight  lines 
is  better  to  use  a  fine  chalk-line  than  the  edge  of  a  woiidcn 
straight-edge.  The  line  is  more  trustworthy.  Perpendicu- 
lars, especially  when  long,  are  better  obtained  by  measure, 
ment  or  by  calculation  {Art.  503)  than  by  a  square.  The 
pencil  used  should  be  of  fine  quality — rather  hard,  in  order 
that  its  point  may  be  kept  line.  With  these  precautions  in 
regard  to  the  instruments  used,  and  with  due  care  in  the 
manipulations,  the  face-moulds  may  be  correctly  dra 
accurate  in  size  and  form.  As  a  test  of  the  accuracy  of  the 
work,  it  will  he  well  to  observe  in  regard  to  the  tangents 
that  the  length  of  a  tangent,  as  found  upon  the  face-moul 
should  always  equal  its  length  as  shown  upon  the  verti 
plane.  For  example,  in  Fig.  160,  the  tangent  ^,,  r  ^,  on  t 
face-mould  should  be  equal  to  X-^r,,  the  tangent  on  the  vertical 
plane  /? ;  and  in  cases  like  this,  where  the  stairs  are  quit 
regular,  with  equal  treads  at  the  front-string,  the  two  t 
gents  of  a  face-mould  are  equal  to  each  Other,  or  ^,^  r,^,  equi 
k^,  b^^ ;  and  in  this  case,  the  line  /5,,r,„  should  equal  the  rak*^ 
line  b,  c  . 

Again,  as  another  example,  in  Fi^.  161,  d  f^^^  the  tangwt 
iq)on  the  face-mould,  should  be  equal  to//,,  the  tangent  o( 
the  vertical  plane  6  ;   while  d  p,^,,^  the  other  tangent  on  the 
face-mould,  should  be  equal  to  r  Sy  the  tangent  of  the  vertical 
plane  D.     But  the  more  important  test  is  in  the  length  of  the 
chord-line  joining  the  ends  of  the  two  tangents  ;  as,  for  ex- 
ample, the  chord  m^^  b,,^,  of  Fig.  163,  the  horizontal  projec- 
tion of  which  is  the  chord  m  b  in  plane  A.    Perpendicular  to 
mb  draw  b g\  make  ^^ equal  to  b  ^  ,,  and  join  ^and  m\  then 
m    b^^^^,  the  chord  of  the  lace-mould,  should  be  etjual  to  m g. 
After  fully  testing  the  accuracy  of  the  drawing  for  the  face- 
mould,  choose  a  welt-seasoned  thin  piece  of  white- wood,  or 
any  other  wood  not  liable  to  split,  and  plane  it  to  an  even 
thickness  throughout ;  mark  upon  it  the  curves,  joints,  tan- 
gents, and  slide-line,  and  cut  the  edges  true  to  the  cun*©* 
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Itnes  and  joints  square  through  the  board  ;  then  square  over 
such  marks  as  are  required  to  draw  each  tangent  and  the' 
slide-line  also  upon  the  reverse  side  of  the  board.  This 
completes  the  face-mould. 

284. — Appllcallon  of  ilic  Fttce-Mould. — In  order  that  a 

more  comprehensive  idea  of  the  lines  given  for  ap[)lying  a 
face-mould  may  be  had,  let  --J,  Fig.  165,  represent  one  end  of 
a  wreath-piece  as  it  appears  when  first  cut  from  a  plank,  and 
when  held  up  in  the  posititjn  it  is  to  occupy  at  completion 
over  the  stairs.     Also,  let  D  represent  the   corresponding 
face-mould,  laid  upon   the  wreath-piece  J  in    the   jiosition 
which  it  should  have  after  sliding.     And,  for  the  purpose  of 
a  clearer  illustration,  let  it  be  supposed  that  the  two  pieces. 
W  and  B,  arc  transparent.     Then  let  a^  a  i>  J  i\  1%  represent  a 
solid  of  wedge  form,  having  a  triangular  level  base,  (Z  ^  </, 
l«pon  the   three  lines  of   which  stand  these   three  vertical 
planes,  namel}':  on  the  line  n  d  the  plane  a^  a  bc^,  upon  the 
'inert  ^the  plane  a^  a  d c,  and  on  the  line  ti b  the  plane  b  d 
*^,c/,  the  top  of  the  solid  is  an  inclined  plane.  ^/,  c^  t'.,  and  the 
Vertical  line  a^  a  is  the  edge  of  the  wedge.     Now,  it  will  be 
observed  that  the  point  a  in  the  base  of  the  solid  is  identical 
M^ith  a,  the  centre  of  the  butt-joint,  and   the  point  <r^  {at  the 
intersection  of  two  vertical  planes  and  the  inclined  plane  of 
the  solid)  is  vertically  over  a,  and  is  identical  w^ith  a^,  a  point 
in  the  upper  surface  of  the  jilank.     Also,  the  inclined  plane 
f^  c^  a^,  which  forms  the  top  of  the  solid,  coincides  with  the 
upper  surface  of  the  plank  A,  from  which  the  wreath-piece 
has  been  squared  ;  and  the  iine  c^  a^  (at  the  angle  formed  by 
the  inclined  plane  <\  i\  a^  and  the  vertical  plane  a^  a  b  c\)  coin- 
cides with  f  g,  the  slide-line  drawn  upon  the  top   of  the 
plank ;  also,  the  line  e^  a^  (at  the  angle  formed  by  the  in- 
clined plane  i\  c,  a^  and  the  vertical  plane  a,  a  d c')  coincides 
with  a,  k,  the  tangent  line  upon  the  underside  of  the  face- 
mould  after  it  has  been  slid   to  its  new  position,  vertically 
over  its  true  position  at  the  middle  of  the  thickness  of  the 
plank.     From  a  the  line  a  f  is  drawn  parallel  with  a.  c  ;  so, 
also,  the  line  a  f  is  drawn  parallel  with  a^  e^ :  consequently 
the  line  ^^  is  parallel  with  e^  i\  ;  and  the  plane  <•  fa  is  parallel 


Fig.    165. 


face-mouid.  When  the  face-mould  is  first  laid  upon  the  plank- 
the  line  i^j,  coincides  with  /  ,  y,^,  and  when  in  that  position, 
its  forni  marked  upon  the  plank  is  the  (omi  by  which  ibc 
plank  is  sawed  square  through :  but  this  g^ives  the  form 
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th-  \vrrath.  not  as  it  is  at  the  surface  of  the  plank,  but  as  it 
i^.it  tiic  middle  of  the  thickness  of  the  plank,  or  upon  the 
plane  irrr;  so  that,  for  example,  the  line  i^fj\,  represents  the 
line  ij  drawn  through  <?,  the  centre  of  the  butt-joint  :  and 
when  the  mould  Z»  is  slid  to  the  position  shown  in  the  figure, 
the  line  t\j,  coroes  into  a  position  vertically  over  ij\  hence 
the  three  lines  i\  t\  a^  a,  and  j\j  arc  each  vertical  and  in  a 
vertical  plane,  i  i,J,j'    By  these  considerations  it  will  be  seen 
that  the  face-mould  /?.  located  as  shown  in  the  fit^ure,  is  in  its 
true  position  for  the  second  marking,  by  which  the  addi- 
tional cutting  is  now  to  be  performed  vertically.    This  being 
established,  it  will  now  he  shown  how  to  get  upon  the  butt- 
joint  a  tine  in  the  vertical  plane  containing  the  tangent.     If 
^He  top  and  bottom  lines  of  the  vertical  plane  a,  a  b(,  be  ex- 
^^ndcd,  they  will  meet  in  the  point  /,  and   will  extend   the 
P'^ne  into  a  triangle /^r^,  cutting  the  upper  edge  of  the 
"Vitt-joint  in/,  the  end  of  the  tangent,  and  the  point  in  which 
*0^  point  a^  of  the  underside  of  the  face-mould  was  located 
*^Vicn  the  mould  was  first  applied  to  the  plank.     The  line/rt 
'^•^  the  butt-joint  is  perpendicular  to  i  j  ax  /^  /  .     Again,  if 
^«^t;  lop  and  bottom  lines  of  the    plane  a^  a  d i\  be  extended, 
^•^cy  will  meet  in  />,  and  will  extend  the  plane  into  the  tri- 
^*^glc  /  d  t\,  cutting  the  edge  of  the  butt-joint  in  //,  a  point 
*"oin  which,  if  a  line  be  drawn  upim  the  butt-joint  to  rt,  its 
^*^ntre,  this  line  will  be  in  the  vertical  plane /></r,,  which 
V^lanc  contains  the  tangent  perpendicular  to  which  the  butt- 
J^^tnt  is  drawn;  consequently  lines  upi>n  the  butt-joint  par- 
allel \t%  h  a  will  each  be  in  a  vertical  plane  parallel  to  the 
V'ertical  timgent  plane,  and  lines  drawn  upon  the  butt-joint 
Jicrjxrndicular  to  these  lines  will  be  horizontal  lines  :  hence 
"^hc  line  //  a  is  the  required  line  by  which  to  square   the 
Airrcath  at  the  butt-joint.     Now,  it  will  be  observed  that  the 
n  f  <x,  is  like  ih-it  given  in  the  various  figures  f<^r  ob- 
jcc-moulds.  to  regulate  the  sliding  of  the  ftice-mould 
and  the  squaring  at  the  butt-joint.     For  example,  in  Fig. 
"' '   •'     t"    '  '         '  (1  triangle  b^^^  ^,  A,,  is  the  one  referred  to. 
1  vertical  plane  parallel  to  one  containing 
Ihc  alide-line ;  its  longer  side  is  a  vertical  line ;  one  of  the 
sides  containing  the  right  angle  is  equal  to  half  the  thickness 


the  plank,  is  the  distance  to  slide  the  face-mould.  Therefore 
the  triangle  a  fa  of  Fig.  165  gives  the  required  lines  b]^ 
which  to  regulate  the  application  of  the  face-moulds.  TIh| 
relative  position  of  the  more  important  of  these  lines  is  geo- 
metrically shown  in  Fii;.  166,  in  which  A  and  B  are  upon  the 
horizontal  plane  of  the  paper,  C  is  in  a  vertical  plane  stand- 
ing on  the  ground-line  b  d^  and  /?  is  a  plan  of  the  butt-joint, 
revolved  upon  the  line  i^,  j\^  into  the  horizontal   plane,  at 
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Ken  perpcndicularl}'  removed  to  the  distance//,.  The  let- 
tering corresponds  with  that  in  Fig.  165.  The  shaded  part 
o(  D  shows  the  end  of  the  squared  wreath.  When  the 
olocked  piece  has  been  marked  by  the  face-mould  in  its 
second  application,  its  edges  are  to  be  trimmed  vertically  as 
shown  in  Fig^.  167,  after  which  the  top  and  bottom  surfaces 
of  ihe  wreath  are  to  be  formed  from  the  shape  marked  on 
the  butt-joints. 


FtG,  167. 

285. — Fa«c«Moa1d  Cnrtc*  are  Ciliptlt'al. — The  curves  of 

he  face-mould  for  the  hand-railing^  of  any  stairs  of  circular 
ilan  arc  elliptical,  and  may  be  drawn  by  a  tranimef,  or 
1  any  other  convenient  manner.  The  trouble,  however, 
ttending-  the  process  of  obtaining  the  axes,  so  as  to  be  able 
0  employ  the  trammel  in  describing^  the  curves,  is.  in  many 
ases,  greater  than  it  would  be  to  obtain  the  curves  through 
K>iiits  found  by  ordinates,  in  the   usual  manner.      But  as 
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tiiK  methr/d  for  certain  reasons  maj  be  piciuiul  bj 
ail  example  is  i«ere  given  in  vhicfa  the  cnnres  aic  dia 
a  tramoMrL  aiKl  in  which  the  method  oe  ooiaiiiiB^  the : 
shown- 

Let  /^f^.  i68  represent  the  pbn  of  a  faand-iaO  aroui 


Fig.  i6S. 

of  a  cylinder  and  with  the  heights  set  up,  the  inter 
line  obtained,  the  measuring  base-line  drawn,  the  ra 
established,  and  the  tangents  on  the  face-mould  locat 
in  the  usual  manner  as  hereinbefore  described.  Tl 
prepare  for  the  trammel,  from  o,  the  centre  of  the  cy 
draw  ob,  parallel  with  the  intersecting  line,  and  b^o,  p 
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^onLir  to  b,f,y  the  rake-line  ;   make  h^o^  equal  to  ho,  and  o^  a^ 

ccjual  to  oa\  through  o^  draw  o^h  parallel  with  l\t\.     From 

<r  dnvr  or  perpendicular  t<.>  ob^  \  continue  the  central  circular 

Un<  of  the  rail   around   to  €\    parallel  with  ob^  draw  r/i 

and  from  /,  the  point  of  intersection  of  tf  with  bf^,  and 

p^rpciidicubr  to  /'./.  draw  j\f^\    make  /r,  equal   to  ft\ 

th«ntf  is  the  centre  of  the  ellipse,  and  o,a^  the  semi-conju- 

•  tc  diameter  and  oc^  the  semi-lransversc  diameter  of  an 

t  i  Ipse  drawn  thn)ugh  the  centre  of  the  face-mould.     To  get 

t*ii«  diameters  for  the  edges  of  the  face-mould,  make  a^  c^  and 

"^  ^_  each  equal  to  half  the  width  of  the  rail,  as  at  cad\  par- 

*i  1.<1  to  a  hnc  drawn  from  a,  to  e  ,  and  through  c  ,  draw  the 

**e  <"^^;  also,  parallel  with  a  line  drawn  from  n^  to  r  draw 

^    --ft  (sec -'i r/.  559^;  then  for  the  curve  at  the  inner  edge  of 

^■^«  face-mould,  tf_j^  is  the  semi-transverse  diameter,  and  f, r, 

*^«  semi-conjugate;  while  for  the  curve  at  the  outer  edge 

**-     -^  is  the  semi-transverse  diameter,  and  «>,</,  the  scmi-conju- 

^"^^Jc.   So  much  of  the  edges  of  the  face-mould  as  arc  straight 

*"*^<  parallel  with  the  tangent.     Now,  placing  the  trammel  at 

''^e  centre,  as  shown  in  the  figure,  and  making  the  distance 

'^^'*^  the  rod   fnmi  the  pencil   to  the  first  pin  equal  to  the 

^^2Mni-conjugate  diameter,  and  the  distance  to  the  second  pin 

^^^^ual  to  the  serai-transverse  diameter,  each  curve  may  be 

^^  vawn  as  shown,    (See  Art.  549.) 


286.— Face-nouldft  for  Iluuiiil  Rail*. — The  previous  ex- 
Iplcs  given  for  finding  lace-moulds  are  intended  for  miyuUed 
For  round  rails  the  same  process  is  to  be  followed, 
'^•ith  this  difference:  that  instead  of  finding  cur\es  on  the 
f  ace-mould  for  the  sides  of  the  rail,  find  one  for  a  ccntrc-linc 
describe  circles  upon  it,  as  at  Fii;^.  145  ;  then  tr.ice  the 
lesof  the  mould  hy  the  points  so  found.  The  thickness  of 
iff  fur  the  twists  of  a  round  rail  is  the  same  as  for  the 
^ht  part.     The  twists  are  to  be  sawed  square  through. 


ms. 


^^sid 


tui 


287.  Povlilon  of  ilip  Buti-Jolni. — When  a  bl<x:k  for 
^he  wreath  of  a  hand-rail  is  sawed  stpiare  through  the 
plank,  the  joint,  in  all  cases,  is  tn  be  laid  on  the  face-mould 
square  to  the  tangent  and  cut  square  through  the  plank. 
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Managed  in  this  way,  the  butt-joint  is  in  a  plj 
perpendicularly  by  the  tangent.     But  if  the  block 
sawed  square  through,  but  vertically  from  the  edge 


Fic.  169. 

face-mould,  then,  especially,  care  is  required  in  Iocs 
joint.  The  method  of  sawing  square  through  is  1 
with  so  many  advantages  that  it  is  now  generally  U 
yet^as  it  is  possible  that  for  certain  reasons  some  ma 
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e  cases,  to  saw  vertically,  it  is  proper  that  the  method 

ing  the  position  of  the  joint  for  that  purpose  should 

Therefore,  let  A,  Fig;.  169.  be  the  plan  of  the  rail, 

the  elevation,  showing  its  side;   in  which  ks  is  the 

on  of  the  butt-joint.     From  k  draw  k  b  parallel  to  lo, 

<' at  right  angles  to  kb\    from  b  draw  b  f,  tending  to 

litre  of  the  plan,  and  from  f  draw  fc  parallel  to  bk  -, 

*iii   /,  through  c,  draw  //,  and  from  i  draw  iti  parallel  to 

;  join  d  and  b^  and  d b  will  be  the  proper  direction  for  the 

t  on  the  plan.     The  direction  of  the  joint  on  the  other 

e,  tTc,  can  be  found  by  transferring  the  distances  xb  and 

to  xa  and  oc.      Then  the  allowance   for  over  w.ood  to 

ver  the  butt-joint  is  shown  as  that  which  is  included  be- 

een   the  lines  ox  and  db.     The  face-mould  must  be  so 

wn  as  to  cover  the  plan  to  the  line  bd  for  the  wreath  at 

e  left,  and  to  the  line  ^7^-  for  that  at  the  right.     By  some 

direction   of  the  joint  is   made   to   radiate   toward  the 

fre  of  the  cylinder;    indeed,  even   Mr.  Nicholson,  in  his 

'nrpenter's  Guidt\  so  advised.     That  this  is  an  error  may  be 

.Vown  as  follows :  In  Fig.  \  70,  a  rji  is  the  plan  of  a  part  of  the 

T^il  about  the  joint,  su  is  the  stretch-out  of  «  /,  and  g p  is  the 

Vielinet,  or  vertical  projection  of  the  plan  nrji.      This  is 

^ound  by  drawing  a  horizontal  line  from  the  height  set  upon 

^ach  perpendicular  standing  upon  the  stretch-outline   su. 

The  lines  upon  the  plan  a  rji  are  drawn  radiating  to  the 

centre  of  the   cylinder,  and    therefore   corrcspemd    to   the 

horizontal   lines  of  the   helinet  draxvn   upon  its  upper  and 

under  surfaces. 

Bisect  rt  on  the  ordinate  drawn  from  the  centre  of  the 
plan,  and  through  the  middle  draw  c  b  at  right  angles  to^T'; 
from  b  and  r  draw  cd  and  b  e  at  right  angles  to  s  u  ;  from  d 
and  e  draw  Hncs  radiating  toward  the  centre  of  the  plan  ; 
then  do  and  cm  will  be  the  direction  of  the  joint  on  the 
plan,  according  to  Nicholson,  and  cb  its  direction  on  the 
falling-mould.  It  must  be  admitted  that  all  the  lines  on  the 
upper  or  the  lower  side  of  the  rail  which  radiate  toward 
the  centre  of  the  cylinder,  as  ^/t^,  cm,  or  z"/,  are  level;  for 
instance,  the  level  line  ivv,  on  the  top  of  the  rail  iti  the 
helinet,  is  a  true  representation  of  the  radiating  liney/  on 
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the  plan.  The  line  bh,  therefore,  on  the  top  of  the 
the  helinet,  is  a  true  representation  of  em  on  the  plan,: 
kc  on  the  bottom  of  the  rail  truly  represents  </o.  Fron 
draw  yt/ parallel  to  cby  and  from  //  draw  hf  parallel  toll 


! 
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join  /  and  b,  also  r  and  /;  then  iklb  will  be  a  true  rej 
sentation  of  the  end  of  the  lower  piece,  B,  and  cfkb  of 
end  of  the  upper  piece,  A  \    and  //•  or  ///  will  show  \ 
much  the  joint  is  open  on  the  inner,  or  concave,  side  of 
rail. 


CORRECT  LINES  FOR  BUTT-JOINT. 
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low  that  the  process  followed  in  Ari.  287  is  correct, 
od  em  {Fig.  171)  be  the  direction  of  the  butt-joint 
at  Fig.  169.  Now,  to  project,  on  the  top  of  the  rail 
linet,  a  line  that  does  not  radiate  toward  the  centre 


linder,  as  j'k,  draw  vertical  lines  from  j  and  ktow 
d  join  w  and  h ;  then  it  will  be  evident  that  w  h  is 
epresentation  in  the  helinet  of  jk  on  the  plan,  it 
the  same  plane  as  jk,  and  also  in  the  same  winding 
%wv.    The  line  /«,  also,  is  a  true  representation  <>«i 
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the  bottom  of  the  helinct  of  the  line  j k  in  the  plan.  Tk 
line  of  the  joint  c  in,  therefore,  is  projected  in  the  same  way, 
and  truly,  by  ib  on  the  top  of  the  helinet,  and  the  line  i^ 
by  ca  on  the  bottom.  Join  a  and  r,  and  then  it  will  be  seen 
that  the  lines  c^r,  a  /,  and  ib  exactly  coincide  with  cb^  the  line 
of  the  joint  on  the  convex  side  of  the  rail  \  thus  proving  the 
lower  end  of  the  upper  piece,  A^  and  the  upper  end  of  the 
lower  piece,  B^  to  be  in  one  and  the  same  plane,  and  that  the 
direction  of  the  joint  on  the  plan  is  the  true  one.  By  refer- 
ence to  Fig.  169  it  will  be  seen  that  the  line  //corresponds 
to  xi  in  Fig.  171  ;  and  that  f  k  in  that  figure  is  a  representa- 
tion of  fb,  and  ik  of  db. 
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288. — ScrellH  for  Hand-Ralln  :  General  Rule  for  SIse 
and  PoHttlon  or  tlie  Regulating  l!»quarc.  —  The  breadth 
which  the  scroll  is  to  occupy,  the  number  of  its  revolutions, 
and  the  relative  size  of  the  regulating  square  to  the  eye  of. 
the  scroll  being  given,  multiply  the  number  of  revolutions! 
by  4,  and  to  the  product  add  the  number  of  times  a  side  of 
the  square  is  contained  in  the  diameter  of  the  eye.  and  the 
sum  will  be  the  number  of  equal  parts  into  which  the  breadth 
is  to  be  divided.  Make  a  side  of  the  regulating  square 
equal  to  one  of  these  parts.  To  the  breadth  of  the  scroll 
add  one  of  the  parts  thus  found,  and  half  the  sum  will  be  the 
length  of  the  longest  ordinate. 
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Fig.  172. 


289.^rentreM  In  Regulaiiiig  Square. — ^Let  0  2  1^  (/i/< 
172)  be  the  size  of  a  regulating  square,  found  according  l<* 
the  previous  rule,  the  required  number  of  revolutions  being 


i|.  Divide  two  adjacent  sides,  as  a  2  and  2  i,  into  as  many 
equal  parts  as  there  are  quarters  in  the  number  of  revolu- 
tions, as  seven ;  from  those  points  of  division  draw  lines 
across  the  square  at  right  angles  to  the  lines  divided;  then 
f  being  the  first  centre,  2,  3.4,  5,  6,  and  7  are  the  centres  for 
the  other  quarters,  and  8  is  the  centre  for  the  eye  ;  the  heavy 
lines  that  determine  these  centres  being  each  one  part  less 
in  Ii  iiijrih  than  its  preceding  line. 


g  -r*     II 
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290. — Scroll   for  IIiind«Rtill  Over  Curtail  Step.  —  Let 

a  b  {Fig;.  173)  be  the  given  breatlth.  if  the  given  number  of 
revolutions,  and  let  the  relative  size  of  the  regulating  square 
to  the  eye  be  ^  of  the  diameter  of  the  eye.  Then,  by  the 
rule,  if  multiplcd  by  4  gives  7,  and  3,  the  number  of  times  a 
side  of  the  square  is  contained  in  the  eye,  being  added,  the 
sum  is  10.  Divide  a  h,  therefore,  into  10  equal  parts,  and  set 
one  from  h  to  ,■ ;  bisect  a  c  \u  e\  then  a  <•  will  be  the  length 
of  the  longest  ordinate  (r  */  or  i  <•).  From  a  draw  a  </, 
from  e  draw  e  i,  and  from  b  draw  b /,  all  at  right  angles  to 
a  b;  make  ^  i  equal  to  a^  and  through  i  draw  1  J  parallel 
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to  <r  ^ ;  set  b  c  from  i  to  2,  and  upon  i  2  complete  the  regii 
lating  square;  divide  this  square  as  at  fig.  172:  then  d«- 
scribc  the  arcs  that  compose  the  scroll,  as  follows:  upon  I 
describe  d  t\  upon  2  describe  e  f,  upon  3  describe /f. 
upon  4  describe  j^Tf,  etc.;  make  d I  equal  to  the  width  of  the 
rail,  and  upon  1  describe  /  w,  upon  2  describe  mn,  etc.:  de- 
scribe the  eye  upon  8,  and  the  scroll  is  completed. 

291.— Scroll  r«r  Curtail  Step. — Bisect  d I  {Fig.  I73)intf. 
and  make  ov  equal  to  ^  of  the  diameter  of  a  baluster;  make 
V  ix)  equal  to  the  projection  of  the  nosing,  and  <•  x  equal  to 
wl\  upon  I  describe  tf  J',  and  upon  2  describe  _>':; ;  also,  upon 
2  describe  .v  r",  upon  3  describe  ij,  and  so  around  tor;  and 
the  scroll  for  the  step  will  be  completed. 

292. — Poslilon  of  BuluMierM  Under  Scroll, — Bisect  i 

{Fig.  173)  in  0,  and  upon  i,  with  i  o  for  radius,  describe  the 
circle  o  ru\  set  the  baluster  at  p  fair  with  the  face  of  the 
second  riser,  r',  and  from/,  with  half  the  tread  in  the  divi- 
ders, space  off  as  at  0, 5?,  r,  s,  t,  u,  etc.,  as  far  as  (f :  upon  2.  3<4t^ 
and  5  describe  the  centre-line  of  the  rail  around  to  the  ^i^^ 
of  the  scroll ;  from  the  points  of  division  in  the  circle  <?rx 
draw  lines  to  the  centre-line  of  the  rail,  tending  to  8,  the 
centre  of  the  eye:  then  the  intersection  of  these  radiating 
lines  with  the  centre-line  of  the  rail  will  determine  the  posi- 
tion of  the  balusters,  as  shown  in  the  figure. 

293. — Falllnir>:*lould  for  Rtikliiir  Part  of  Scroll. — Tangi- 
cal  to  the  rail  at  //  {Fig.  173)  draw  //  k  parallel  Xo  d a\  then 
ka'^  will  be  the  joint  between  the  twist  and  the  other  part 
of  the  scroll.  Make  de"*^  equal  to  the  stretch-out  of  d e,  and 
upon  </«•-  find  the  position  of  the  point  k,  as  at  k^\  at  Fig> 
174,  make  /-r/ equal  to  e^  d  in  Fig,  173,  and  d  c  equal  to  dc"^ 
in  that  figure;  from  c  draw  c  a  zX  right  angles  to  ec,  and 
equal  to  one  rise  ;  make  c  h  equal  to  one  tread,  and  from  ^ 
through  <?,  draw  hj\  bisect  a  c  in  /,  and  through  /  draw  mq 
parallel  to  eh\  mq  is  the  height  of  the  level  part  of  a 
scroll,  which  should  always  be  about  3^  feet  from  the  floor: 
ease  off  the  angle  ;«// according  to  Art,  521,   and  draw 


jrw«  parallel  to  jm  xJ,  and  at  a  distance  equal  to  the  thick- 
ness of  the  rail;  at  a  convenient  place  for  the  joint,  as  r, 
draw  in  at  right  angles  to  bj\  through  n  drawy //  at  right 
angles  io  e  h\  make  dk  equal  to  d  k-  in  Fig.  173.  and  from  k 
draw  io  at  right  angles  to  c/i ;  at  Fig.  173,  make  d  //«  equal 
to  d  h  in  Fig.  174,  and  draw  //*  ^»  at  right  angles  to  dk^\ 


then  k  a^  and  /i'  ^*  will  be  the  position  of  the  joints  on  the 
plan,  and,  at  Fig.  ly^^op  and  in  their  jxtsition  on  the  falling- 
tnould  ;  and  po  in  {Fig.  174)  will  be  the  required  falling- 
niould  which  is  to  be  bent  upon  the  vertical  surface  from  h* 
to  k  {Fig.  173). 
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294. — Facc-flonld  far  the  Scroll. — At  Fig.  173,  from  k 
draw  k  r"*'  at  right  angles  to  r'  d-  at  Fig.  172,  make  h  r 
equal  to  A'  r*  in  Fig.  173,  and  from  r  draw  r  j  at  right 
angles  tor// ;  from  the  intersection  of  r  j  with  the  level  line 
m  q,  through  /,  draw  s  t  \  at  Fig.  173,  make  //'  h"-  equal  tQ  q  t 
in  Fig.  172,  and  join  b^  and  r';  from  rt',  and  from  as  many 


b. 
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Other  points  in  the  arcs,  a^  I  and  kd,  as  is  thought  new 
sary,  draw  ordinatcs  to  r-  d  at  right  angles  to  the  latterifl 
make  r  b  {Fig,  175)  equal  in  its  length  and  in  its  divisions  to 
the  line  r-b'^  in  lug.  173;  from  r,  n,o,  p,  q,  and  /  drawtbe 
lines  r  i',  n  d,  0  a,/  t\  q J\  and  /^  at  right  angles  to  r^, and 
equal  to  r^  k^d^s *,/* a *,  etc.,  in  Fig.  1 73  ;  through  the  points 
thus  found  trace  the  curves  k  I  and  a  c,  and  complete  the 
face-raoukl,  as  shown  in  the  figure.  This  mould  is  to  beajv 
plied  to  a  square-edged  plank,  with  the  edge,  /  b  parallel  to 
the  edge  of  the  plank.  The  rake-lines  upon  the  edge  of  the 
plank  are  to  be  made  to  correspond  to  the  angle  j/^in 
Fig.  174.  The  thickness  of  stuff  required  for  this  mould  is 
shown  at  Fig.  174,  between  the  lines  s  t  and  u  v—it  v  being 
drawn  parallel  to  s  t. 


295. — Form  of  Ncmrel-Caii  from  a  Section  of  the  Rail* 

— Draw  a  b  {Fig.  176)  through  the  widest  part  of  the  given 
section,  and  parallel  to  c  d;  bisect  n  b  in  r,  and  through  n,  r, 
and  b  draw  /i  i,/g,  and  I'  j  at  right  angles  to  a  b;  at  a  con- 


*nt  pface  on  the  line  f  g^  as  o,  with  a  radius  equal  to 
If  the  width  of  the  cap,  describe  the  circle  i  j g\  make  r  I 
equal  to  /  ^  or  ^-rt  :  join  /  and  j\  also  /  and  /;  from  the  curve 
f  b  Xu  the  line  I  j  draw  as  many  ordinates  as  is  thought 
necessary  parallel  lo /g;  from  the  points  at  which  these 
ordinates  meet  liie  line  //  and  upon  the  centre,  o,  describe 
arcs  in  continuation  to  meet  o/> ;  from  nt  x,  etc.,  draw  n  s,tu^ 
etc.,  parallel  toy'^'-;  make  n  s,  t  u,  etc.,  equal  to  f/,  w«'»etc: 
make  x  y,  etc.,  equal  to  z  d,  etc.;  make  o  2,  0  3,  etc.,  equal  to 
^n,o  t,  etc.;  make  2  4  equal  to  n  s,  and  in  this  way  find  the 
length  of  the  lines  crossing  o  rfi]  through  the  points  thus 
found  describe  the  section  of  the  newel-cap  as  shown  in 
the  figure. 
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■  296.— Borlnff  Tor  Balusters  In  a  Round  Rait  before  It 

I  U  RoMutled. — Make  the  angle  oc/  i/'ig.  ij/)  equal  to  the 
f  angle  r»  ^  /  at  Fig.  144;  upon  c  describe  a  circle  with  a 
radius  equal  to  half  the  thickness  of  the  rail ;  draw  the  tan- 
gent fi  ti  parallel  to  /  r,  and  complete  the  rectangle  e  b  d  f, 
having  sides  tangical  to  the  circle;  from  c  draw  c a  at  right 
angles  too<-;  then,  bd  being  the  bottom  of  the  rail,  set  a 
gauge  from  b  to  r/,  and  run  it  the  whole  length  of  the  stuff; 
in  boring,  place  the  centre  of  the  bit  in  the  gauge-mark  at  a, 
and  bore  in  the  direction  a  c.  To  do  this  easily,  make  chucks 
as  represented  in  the  figure,  the  bottom  edgc,^//,  being  par- 
allel to  o  c,  and  having  a  place  s;iwed  out,  as  cj,  to  receive 
the  rail.  These  being  nailed  to  the  bench,  the  rail  will  be 
hcU!  steadily  in  its  proper  place  for  boring  vertically.  The 
distance  apart  that  the  balusters  require  to  be,  on  the  under- 
side of  the  rati,  is  one  half  the  length  of  the  rake-sidc  of  the 
pitch4)oard. 


STAIRS. 


SPLAYED    WORK. 


297. — The  Berelii  In  iSplafed  IVork.^The  principles 
employed  in  findiiiLr  ttie  lines  in  stairs  are  nearly  allied  to 
those  required  to  find  the  bevels  for  splayed  work— such  as 
hoppers,  bread-trays,  etc.    A  method  by  which  these  raajbe 


Fig.  178. 

obtained  will,  therefore,  here  be  shown.     In  Fig.  178,  (iht\^ 
the  angle   at   which  the  work  is  splayed,  and  b  d,  on  the 
upper  edge  of  the  board,  is  at  right  angles  to  a  b\  make  the 
angle  f  g  j  equal  to  a  b  c,  and  from  /  draw  ///  parallel  to 
€  a\  from  b  draw  b  o  2iX.  right  angles  to  ^  ^;  through  0  dra** 
ie  parallel  to  c  /;,  and  join  r  and  d\  then  the  angle  a  ed"^^ 
be  the  proper  bevil  for  the  ends  from  the  inside,  or  ^''^ 
from  the  outside.     If  a  mitre-joint  is  required,  set /^,  tbc 
thickness  of  the  stuff  on  the  level,  from  c  to  w,  and  join  ** 
and  d\  then  k  d  m  will  be  the  proper  bevil  for  a  mitre-joii"*^ 
If  the  upper  edge  of  the  splayed  work  is  to  be  bevellc<^' 
so  as  to  be  horizontal  when  the  work  is  placed  in  its  prop^ 
position,  then  f  g  jy  the  same  Vk%  a  b  c,  will   be  the  propc?^ 
bevel  for  that  purpose.     Suppose,  therefore,  that  a  piece  ir 
dicated  by  the  lines  k g^  g  f,  and  f  h  were  taken  olT  :  then 
line  drawn  upon  the  bevelled  surface  from  d  at  right  anglt 
to  k  d  \\o\\\A  show  the  true  position  of  the  joint,  because 
would  be  in  the  direction  of  the  hoard   for  the  other  side 
but  a  line  so   drawn  would  pass  through    the  point  0,  thu!_  ^^^ 
proving  the  principle  correct.   So,  if  a  line  were  drawn  upoi^^j 
the  bevelled  surface  from  r/at  an  angle  of  45  degrees  \.Qk(f^^*^ 
it  would  pass  through  the  point  «. 


r 


SECTION    IV.— DOORS  AND  WINDOWS. 


DOORS. 


298. — General  RcqulrciuenU. — Among  the  architectural 

arrangements  of  an  edifice,  the  door  is  by  no  means  the  least 
in    importance ;   and   if  properly  constructed,  it  is  not  only 
an  article  of  use,  but  also  of  ornament,  adding  materially  to 
the  regularity  and  elegance  of  the  apartments.     The  dimen- 
sions and  style  of  finish  of  a  door  should  be  in  accordance 
^vith  the  size  and  style  of  the  building,  or  the  apartment 
for  which  it  is  designed.     As  regards  the  utility  of  doors, 
th<j  principal  door  to  a  public  building  should  be  of  suHi- 
^*ent  width  to  admit  of  a  free  passage  for  a  crowd  of  people  ; 
^'hile  that  of  a  private  apartment  will  be  wide  enough  if  it 
Permit  one  person  to  pass  without  being  incommoded.     Ex- 
perience has  determined  that  the  least  width  allowable  for 
*^riis  is  2  feet  8  inches ;   although  doors  leading  to  inferior 
•*nd  unimportant  rooms  may,  if  circumstances  require  it,  be 
*^s  narrow  as  2  feet  6  inches;  and  doors  for  closets,  where  an 
Entrance  is  seldom  required,  may  be  but  2  feet  wide.     The 
Vvidth  of  the  principal  door  to  a  public  building  may   be 
from  6  to  12  feet,  according  to  the  size  of  the  building;  and 
t.he  width  of  doors  for  a  dwelling  may  be  from  2  feet  8 
inches  to  3  feet  6  inches.     If  the  importance  of  an  apart- 
riient  in  a  dwelling  be  such  as  to  require  a  door  of  greater 
width  than  3  feet  6  inches,  the  opening  should  be  closed 
with  two  doors,  or  a  door  in  two  folds;  gencrallv,  in  such 
cases,  where  the  opening  is  from  5  to  8  feet,  folding  or  slid- 
ing doors  are  adopted.     As  to  the  height  of  a  door,  it  should 
in  no  case  be  less  than  about  6  feet  3  inches ;   and  generally 
not  less  than  6  feet  8  inches, 

299. — The  Proponloii  between  Width  and  lleftrht:  of 

single  doors,  for  a  dwellmg,  should  be  as  2  is  to  5  ;  and,  for 
entrance-doors  to  public  buildings,  as  i  is  to  2.  If  the 
width   is  given  and   the   height   required  of  a  door  for  a 
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dwelling,  multiply  the  width  by  5,  and  divide  the  proflSC 
by  2;   but  if  the   height  is  given  and  the  width  required, 
divide  by  5  and  multiply  by  2.     Where  two  or  more  doortl 
of  difJerent  widths  show  in  the  same  room,  it  is  well  to  pnw 
portion  the  dimensions  of  the  more  important  by  the  aboirc 
rule,  and  make  the  narrower  doors  of  the  same  height  as 
the  wider  ones ;   as  all  the  doors  in  a  suit  of  apartment 
except  the  folding  or  sliding  doors,  have  the  best  appeal 
ance  when  of  one  height.     The  proj^ortions  for  folding 
sliding  doors  should  be  such  that  the  width  ma}'  be  cquj 
to  ^  of  the  height;   yet  this  rule  needs  some  qualification^ 
for  if  the  width  of  the  opening  be  greater  than  one  half  th< 
width  of  the  room,  there  will  not  be  a  sufficient  space  left 


J ^ 
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for  opening  the  doors ;  also,  the  height  should  be  about  on^ 
tenth  greater  than  that  of  the  adjacent  single  doors. 


300. — Panels. — Where  doors  have  but  two  panels  io 

width,  let  Xhfi  stiles  and  niuntins  be  each  \  of  the  width  ;  or, 
wliatevcr  number  of  panels  there  may  be,  let  the  united 
widths  of  the  stiles  and  the  muntins,  or  the  whole  width  oi 
the  solid,  be  equal  to  |  of  the  width  of  the  door.  Thus:  ifl 
a  door  35  inches  wide,  containing  two  panels  in  width,  the 
stiles  sh{>u1d  be  5  inches  wide  ;  and  in  a  door  3  feet  6  inches 
wide,  the  stiles  should  be  6  inches.  If  a  door  3  feet  6 
inches  wide  is  to  have  3  panels  in  width,  the  stiles  and 
muntins  should  be  each  4^  inches  wide,  each  panel  being  8 
inches.  The  bottom  rail  and  the  lock-rail  ought  to  be  each 
equal  in  width  to  -^  of  the  height  of  the  door;  and   the 


rail,  and  all  others,  of  the  same  width  as  the  stiles.  The 
moulding  on  the  panel  should  be  equal  in  width  to  |  of  the 
width  of  the  stile. 

30-i.— Trlmniiugti. — Fig.  1 79  shows  a  method  of  trimming 
doors:  n  is  the  door-stud;  b,  the  lath  and  plaster;  r,  the 
ground;  d,  the  jamb ;  e,  the  stop  ;  /and  g,  architrave  casings : 
and  //,  the  door-stile.  It  is  customary  in  ordinary  work  to 
form  the  stop  for  the  door  by  rebating  the  jamb.  But  when 
the  door  is  thick  and  heavy,  a  better  plan  is  to  nail  on  a 
piece  as  at  e  in  the  figure.  This  piece  can  be  fitted  to  the 
door  and  put  on  after  the  door  is  hung  ;  so,  should  the  door 
t>e  a  trifle  winding,  this  will  correct  the  evil,  and  the  door  be 
Daade  to  shut  solid. 

Fig.  180  is  an  elevation  of  a  door  and  trimmings  suitable 
^Or  the  best  rooms  of  a  dwelling.  (For  trimmings  generally, 
See  Sect.  V,)  The  number  of  panels  into  which  a  door 
should  be  divided  may  be  fixed  at  pleasure ;  yet  the  present 
Style  of  finishing  requires  that  the  number  be  as  small  as  a 
Proper  regard  for  strength  will  admit.  In  some  of  our  best 
dwellings,  doors  have  been  made  having  only  two  upright 
panels.  A  few  years'  experience,  however,  has  proved  that 
the  omission  of  the  lock-rail  is  at  the  expense  of  the  strength 
and  durability  of  the  door;  a  four-panel  door,  therefore,  is 
the  best  that  can  be  made. 

302.^ — IlauKiiifr  I>oor».— Doors  should  all  be  hung  so  as 
to  open  into  the  principal  rooms ;  and,  in  general,  no  door 
should  be  hung  to  open  into  the  hall,  or  passage.  As  to  the 
proper  edge  of  the  door  on  which  to  affix  the  hinges,  no 
general  rule  can  be  assigned. 


b 


WINDOWS. 


303. — Re<|iiirenieiil!i  for  Liirtit. — A  window  should  be 
of  such  dimensions,  and  in  such  a  position,  as  to  admit  a 
sufficienc}'  of  light  to  that  part  of  the  apartment  for  which 
it  is  designed.  No  definite  rule  for  the  size  can  well  be 
given  that  will  answer  in  all  cases;  yet,  as  an  approxima- 
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tion,  the    fnllnwinj^   has   been    used    for  jjeneral  pui 
MuUiply  together  the  length  and  the  breadth  in  feet  of 
apartment  to  be  lighted,  and  the  product  by  the  hcigl 


Flc.  I  Bo. 


feet;  then  the  square  root  of   this  product  will  show  t 
required  number  of  square  feet  of  glass. 

304.— Wliidow-rramen. — For  the  size  of  window-fram 
add  4^  inches  to  the  width  of  the  glass  for  their  width,  a 


height  of  the  glass  for  their  height  These 
limensions,  in  ihc  clear,  of  ordinary  frames  for  12- 
light  windows:  the  height  being  taken  at  the  inside  edge  of 
the  sill.  In  a  brick  wall,  the  width  of  the  opening  is  8 
inches  more  than  the  width  of  the  glass — 4I  for  the  stiles  of 
the  sash,  and  3^  for  hanging  stiles — and  the  height  between 
the  stone  sill  and  lintel  is  about  lo^  inches  more  than  the 
height  of  the  glass,  it  being  varied  according  to  the  thick- 
ness of  I  he  sill  of  the  tVanie. 

305.^ln«i<ii-  Shutlerit. —  Inside  shutters  folding  into 
boxrs  require  to  have  the  box-shutter  about  one  inch  wider 
than  the  flap,  in  order  that  the  flap  may  not  interfere  when 
both  are  folded  into  the  box.  The  usual  margin  shown  be- 
tween the  face  of  the  shutter  when  folded  into  the  box  and 
the  quirk  of  the  stop-bead,  or  edge  of  the  casing,  is  half  an 
inch  ;  and,  in  the  usual  method  <if  letting  the  tc/to/f  i>f  the 
thickness  of  the  butt  hinge  into  the  edge  ol  the  box-shutter, 
il  is  necessary  to  make  allowance  for  the  tfirotv  of  the  hinge. 
This  may.  in  general,  be  estimated  at  \  of  an  inch  at  each 
hinging:  which  being  a<lded  to  the  margin,  the  entire  width 
of  ihc  shutters  will  be  i^  inches  more  than  the  width  of  the 
frame  in  the  clear.  Then,  to  ascertain  the  width  of  Ihc  box- 
shutter,  add  \\  inches  to  the  width  of  the  frame  in  the  clear, 
between  the  pulley-stiles:  divide  this  product  by  4,  and  add 
half  an  inch  to  the  quotient,  and  the  last  product  will  be 
the  re(|uired  width.  For  example,  suppose  the  window  to 
have  3  lights  in  width.  11  inches  each.  Then,  3  times  11  is 
33,  and  4^  added  for  the  wf»od  of  the  sash  gives  ij\  ;  37I 
and  \\  is  39,  and  39  divided  by  4  gives  9I;  to  which  add 
half  an  inch,  and  the  result  will  be  lo^  inches,  the  width 
required  for  the  box-shutter. 

306* — Proportion}    Width  and  Helfrht. — In  disposing 

z%ivA  locating  windows  in  the  walls  of  a  building,  the  rules  of 

'         r  •  require  that  they  be  of  difTerent  heights 

S  but  gencnilly  of  the  same  width.     The 

"^rindows  of  the  upper  stories  should  all  range  pci*|)cndicu- 

larty  over  those  of  the  first,  or  principal,  story ;  and  they 
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should  be  disposed  so  as  to  exhibit  a  balance  of  par 
throughout  the  front  of  the  building.  To  aid  in  thisili| 
always  proper  to  place  the  front  door  ia  the  middle  of 
front  of  the  buildin*^  ;  and,  where  the  size  of  the  house  wi 
admit  of  it,  this  plan  should  be  adopted.  (See  the  latter 
part  of  Art.  50.)  The  proportion  that  the  height  should 
bear  to  the  width  may  bCj  in  accordance  with  general  usag^e. 
as  follows : 

The  height  of  basement  windows,  i^  of  the  width. 
*'         "  principal-story   "       2^  " 

"         ••  second- story       "       1^  " 

•'         "  third-story         *'       ij  ** 

"         "  fourth-story        "       l^  " 

"        "  attic-story  "      the  same  as  the  width. 


But,  in  determining  the  height  of  the  windows  for  the 
several  stories,  it  is  necessary  to  take  into  consideration  the 
height  of  the  story  in  which  the  window  is  to  be  placed 
For,  in  addition  to  the  height  Irom  the  floor,  which  is  gen- 
erally required  to  be  from  28  to  30  inches,  room  is  wanted 
above  the  head  of  the  window  for  the  window-trimminf 
and  the  cornice  of  the  room,  besides  some  respectable  spact 
which  there  ought  to  be  between  these. 


30  7. — Circular  Heads. — Doors  and  windows  usually  ter- 
minate in  a  horizontal  line  at  top.  These  require  no  special 
directions  for  their  trimmings.  But  circular-headed  doors 
and  windows  arc  more  difficult  of  execution,  and  require 
some  attention.  If  the  jambs  of  a  d()or  or  window  be  placed 
at  right  angles  to  the  face  of  the  wall,  the  edges  of  the  s<}jfit< 
or  surface  of  the  head,  would  be  straight,  and  its  length  be 
found  by  getting  the  stretch-out  of  the  circle  {Art.  524): 
but  when  the  jambs  arc  placed  obliquely  to  the  face  of  the 
wall,  occasioned  by  the  demand  for  light  in  an  oblique 
direction,  the  form  of  the  soffit  will  be  obtained  by  the  fol- 
lowing article ;  as  also  when  the  face  of  the  wall  is  circular, 
as  shown  in  the  succeeding  figure. 


OBLIQUE  SOFFITS  OF  WINDOWS. 
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308. — Form   of   f^aat  for  Circular  Window-Headi. — 

^V^hcn  the  light  is  received  in  an  oblique  direction,  let  abed 
\{f^i£;,  i8l)  be  the  g^round-plan  of  a  given  window,  and  e / a  a 
[vertical  section  taken  at  right  angles  to  the  face  of  the  jambs. 

/ 


Fig.  i8i. 


*rom  Oy  through  <-,  draw  n^  at  right  angles  to  a^;  obtain 
lie  stretch-out  of  t  fa,  and  make  <x  equal  to  it :  divide  f  g 
ind  e fa  each  into  a  like  number  of  equal  parts,  and  drop 
:rpcndiculars  from  the  points  of  division  in  each ;  from 
:hc  points  of  intersection,    i.   2,   3,   etc.,  in  the  line  ad^ 


rnri',^^ 
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iw  horizontal  lines  to  meet  con^esiwnding'  perpendicu- 
lars from  tg\  then  those  points  of  intersection  will  give  the 
curve  line  d g,  which  will  be  the  on*»  required  for  the  edge 

the  soffit.     The  other  edge,  ch,  is  found  in  the  same 

»nc: 
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For  the  form  of  the  soffit  for  circular  window-heads, 
when  the  face  of  the  wall  is  curved,  let  adcd {Fig.  iZijht 
the  ground-plan  of  a  given  window,  and  e/a  a  vertical  sec- 
tion  of  the  head  taken  at  right  angles  to  the  face  of  the 
jambs.  Proceed  as  in  the  foregoing  article  to  obtain  the 
line  dg-;  then  that  will  be  the  curve  required  for  the  edge(rf 
the  soffit,  the  other  edge  being  found  in  the  same  manner. 

If  the  given  vertical  section  be  taken  in  a  line  with  the 
face  of  the  wall,  instead  of  at  right  angles  to  the  face  of  the 
jambs,  place  it  upon  the  line  c&  {Fig.  i8i),  and,  having  drawn 
ordinates  at  right  angles  to  cb^  transfer  them  to  efa ;  in  this 
way  a  section  at  right  angles  to  the  jambs  can  be  obtained. 
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SECTION  v.— MOULDINGS  AND  CORNICES. 

MOULDINGS. 

309. — ^Moaldinfft:  are  so  called  because  they  are  of  the 
ne  determinate  shape  throughout  their  length,  as  though 
J  whole  had  been  cast  in  the  same  mould  or  form.  The 
pilar  mouldings,  as  found  in  remains  of  classic  architec- 
:e,  are  eight  in  number,  and  are  known  by  the  following 
mes: 


] 


Fio.  183.        Annulet,  band,  cincture,  fillet,  listel  or  square. 


Pig.  184.         Astragal  or  bead. 


D 


Torus  or  tore. 


Fig.  185. 

Fig  186  Scotia,  trochilus  or  mouth. 


Fig.  187. 


^xo.  x8S. 


Ovolo,  quarter-round  or  echinus. 
Cavetto,  cove  or  hollow. 


DINGS   AND   CORNICES. 


ma-recta. 


FiG.  igo. 


Inverted  cyraatium,  or  cyma-reversa. 


Some  of  the  terms  are  derived  thus :  Fillet,  from  the  French 
word  7?/,  thread.  Astragal  from  astragaios^  a  bone  of  the 
heel — or  the  curvature  of  the  heel.  Bead,  because  this 
moulding,  when  properly  carved,  resembles  a  string  of  beads. 
Torus,  or  tore,  the  Greek  for  ro/>i\  which  it  resembles  when 
on  the  base  of  a  column.  Scotia,  from  skotia,  darkness, 
cause  of  the  strong  shadow  which  its  depth  produces,  an 
which  is  increased  by  the  projection  of  the  torus  above  it 
Ovolo,  from  o-fum,  an  egg,  which  this  member  rcsemblt 
when  carved,  as  in  the  Ionic  capital.  Cavetto,  from  co 
hollow.     Cvmatium,  from  kuviaton,  a  wave. 

310, — Claaraeterliidcii  of  muutdlnf^s. — Neither  of  the 
mouldings  is  peculiar  to  any  one  of  llic  orders  of  architect- 
ure ;  and  although  each  has  its  appropriate  use,  yet  it  is  by 
no  means  confined  to  any  certain  position  in  an  assemblage 
of  mouldings.  The  use  of  the  hllet  is  to  bind  the  parts.^ 
also  that  of  the  astragal  and  torus,  which  resemble  rope*- 
The  ovolo  and  cyma-reversa  are  strong  at  their  upper  ex- 
tremities, and  are  therefore  used  to  support  projecting  parts 
above  them.  The  cyma-recta  and  cavetto,  being  weak  at 
their  upper  extremities,  are  not  used  as  supporters,  but  a/* 
placed  uppermost  to  cover  and  shelter  the  other  parts.  The 
scotia  is  iiuroduced  in  the  base  of  a  column  to  separate  the 
upper  and  lower  torus,  and  to  produce  a  pleasing  variety 
and  relief.  The  form  of  the  bead  and  that  of  the  torus  islhc 
same;  the  reasons  lor  giving  distinct  names  to  them  arc 
that  the  torus,  in  every  order,  is  always  considerably  larger 
than   the   bead,  and   is   placed  among  the  base   mouldings, 
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the  bead  is  never  placed  there,  but  on  the  capital  or 

ture ;  the  torus,  also,  is  seldom  carved,  whereas  the 

;  and  while  the  torus  among  the  Greeks  is  frequently 

1  in  its  form,  the  bead  retains  its  circular  shape.  While 

ia  is  the  reverse  of  the  torus,  the  cavetto  is  the  re- 

the  ovolo,  and  the  cy  ma-recta  and  cyma-reversa  are 

ations  of  the  ovolo  and  cavetto. 


^[^^_ 


*'\ 


\ 


Fig.  191. 


m  curves  of  mouldings,  in  Roman  architecture,  were 
renerally  composed  of  parts  of  circles ;  while  those  of 
•eeks  were  almost  always  elliptical,  or  of  some  one  of 
lie  sections,  but  rarely  circular,  except  in  the  case  of 
ad,  which  was  always,  among  both  Greeks  and  Ro- 
pf  the  form  of  a  semicircle.  Sections  of  the  cone  af- 
greater  variety  of  forms  than  those  of  the  sphere ;  and 

£e  reason  why  the  Grecian  architecture  so 


M 
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much  excels  the  Roman,  The  quick  turnings  of  the  ovdo 
and  cyma-reversa,  in  particular,  when  exposed  to  a  brigtil 
sun,  cause  those  narrow,  well-defined  streaks  of  light  which 
give  life  and  splendor  to  the  whole. 

311. — A  Profile:  is  an  assemblage  of  essential  parts  aod 
mouldings.     That  profile  produces  the  happiest  effect  which 


Fic,  192. 


Fig.  193. 


is  composed  of  but  few  members,  varied  in  form  and  size, 
and  arranged  so  that  the  plane  and  the  curved  surfaces  sue 
ceed  each  other  alternately. 

3l2i^Thc  Grecian  Tamil  and  §cotla. — Join  the  extremi- 
ties ^  and  t>  {Fig.  191),  and  from /,  the  given  projection  of 
the  moulding,  draw/o  at  right  angles  to  the  fillets  ;  from  h 


\.: 

li 

-^, 

f  JU.   194. 


Fig. 


draw  bh  at  right  angles  Xq  ab\  bisect  abvf\c\  join  /and 
and  upon  r,  with  the  radius  r/,  describe  the  zxcfh,  cutting 
bh  in  //;  through  r  draw  dc  parallel  with  the  fillets  ;  make 
dc  and  ce  each  equal  to  b h\  then  dc  and  a  b  will  be  conju- 
gate diameters  of  the  required  ellipse.  To  describe  the 
curve  by  intersection  of  lines,  proceed  as  directed  at  A% 
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51  and  note  ;  by  a  trammel,  see  Art.  549  ;  and  to  find  the 
Miin  order  to  describe  it  with  a  string,  see  Art.  548. 

313. — The  Grecian  Eclilnus. — Figs.  192  to  199  exhibit,  va- 
ously  modified,  the  Grecian  ovolo,  or  echinus.  Figs.  192  to 
j6  are  elliptical,  ^^and  /J  <:  being  given  tangents  to  the  curve; 
arallel  to  which  the  semi-conjugate  diameters,  rti/and  dc^ 


J 


t  IG.     196. 


t'u..  uyj. 


'^rawn.  In  Figs.  192  and  193  the  lines  ad  and  d c  are  semi- 
tes,  the  tangents,  ab  and  be,  being  at  right  angles  to  each 
her.  To  draw  the  curve,  see /I rA  551.  In  Fig.  197  the 
irve  is  parabolical,  and  is  drawn  according  to  Art.  560.  In 
igs.  198  and  199  the  curve  is  hyperbolical,  being  described 
:cording  to  Art.  561.     The  length  of  the  transverse  ax  s,  a  b. 


Fjg.   198. 


Fic.  igg. 


Wag  taken  at   pleasure  in  order  to  flatten   the   curve,  « 3 
lould  be  made  short  in  proportion  to  at: 

3f4>.— The  Oreclan  Caveiio.— In  order  to  describe  this. 
jipr.  200  and  201,  having  the  height  and  projection  given, 
e  Art.  551. 

315.— The  Oreeinn  Cyma-Recta. — When  the  projection 
more  than  the  height,  as  at  Fig,  202,  make  a  ^  equal  to  the 
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height,  and  divide  <^^rf/  into  four  equal  parallelograms;  then 
proceed  as  directed  in  note  to  ArL  551.  When  the  projec- 
tion is  less  than  tlic  height,  draw  da  {Fig.  203)  at  right  angles 


\ 


Fig.   201. 


Fig.  200. 


to  ab\  complete  the  rectangle,  abcd\  divide  this  into  four 
equal  rectangles,  and  proceed  according  to  Art,  551. 

316.— TIieCreclanCjiiio-Rcversa. — When  the  projection 


/' 


l-K..    203. 


is  more  than  the  height,  as  at  Fig.  204,  proceed  as  directed 
for  the  last  figure  ;  the  curve  being  the  same  as  that,  the 
position  only  being  changed.     When  the  projection  is  less 


Fig.  204. 


than   the  height,  draw  rt</(/v^.  205)  at  right  angles  to 
fillet ;  make  a  d  equal  to  the  projection  of  the  moulding: 
proceed  as  directed  for  Fig.  202. 
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317. — Roman  Monldlnvi :  are  composed  of  parts  of  circles, 
and  have,  therefore,  less  beauty  of  form  than  the  Grecian. 
The  bead  and  torus  are  of  the  form  of  the  semicircle,  and  the 
scotia,  also,  in  some  instances ;  j^ut  the  latter  is  often  composed 
of  two  qua'drants,  having  different  radii,  as  at  Figs.  20^  and 
207,  which  resemble  the  elliptical  curve.    The  ovolo  and  ca- 


FiG.  206. 


Fig.  207. 


Vetto  are  generally  a  quadrant,  but  often  less.  When  they  are 
less,  as  at  Fig.  210,  the  centre  is  found  thus :  join  the  extrem- 
ities, a  and  b,  and  bisect  ab'inc;  from  c,  and  at  right  angles 
to  a  b,  draw  c  d,  cutting  a  level  line  drawn  from  a'md',  then  d 
will  be  the  centre.  This  moulding  projects  less  than  its 
height.  When  the  projection  is  more  than  the  height,  as  at 
Fig.  212,  extend  the  line  from  c  until  it  cuts  a  perpendicular 


Fig.  208. 


Ftp,  209. 


drawn  from  at,  as  at  ^;  and  that  will  be  the. centre  of  the 
curve.  In  a  similar  manner,  the  centres  are  found  for  the 
mouldings  at  Figs.  207,j2ii,  213,  216,  217,  218,  and  219.  The 
centres  for  the  curves  fat  Figs.  220  and  221  are  found  thus  : 
bisect  the  line  a  b  2X~e\  upon  a,  c  and  b  successively,  with  a  c 
or  cb  for  radius,  describe  arcs  intersecting  at  d  and  d;'  then 
those  intersections  will  be  the  centres. 
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Fig.  2ia 


Fig.  211. 


a 


Fig.  2X2. 


Fig.  213. 


r 


J 


Fig.  214. 


Fig.  215 


Fig.  216. 


Fig.  217. 


IF 
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fl— Modern  Illoutdinirs :  are  represented  In  Figs.  222 
29.  They  have  been  quite  extensively  and  successfully 
i  in  inside  finishing.  Fig.  222  is  appropriate  for  a  bed- 
ilding  under  a  low  projecting  shelf,  and  is  frequently 
i  under  mantel-shelves.  The  tangent  i h  is  found  thus: 
ct  the  line  ab  at  c,  and  be  at  d;  from  d  draw  dc  at 
jangles  to  e b;  from  b  draw  bf  parallel  to  ed\  upon  ^, 


Fic.  218. 


Fig.  219. 


h  bd  for  radius,  describe  the  arc  d/;  divide  this  arc 
»  7  equal  parts,  and  set  one  of  the  parts  from  x,  the  limit 
he  projection,  to  o ;  make  0  k  equal  X.0  0  c\  from  //,  through 
raw  the  tangent  h  i\  divide  bli,  hc^  c i,  and  ia  each  into 
c^  number  of  equal  parts,  and  draw  the  intersecting  lines 
lirected  at  Art.  521.  If  a  bolder  form  is  desired,  draw 
tangent,  ih,  nearer  horizontal,  and  describe  an  elliptic 


Fig.  220. 


Fig.  221. 


as  shown  in  Figs.  191  and  224.     Fig.  223  is  much  used 

)ase,  or  skirting,  of  rooms,  and*  in  deep  panelling.     The 

^e  is  found  in  the  same  manner  as  that  of  Fig.  222.     In 

case,  however,  where  the  moulding  has  so  little  projec- 

in  comparison  with  its  height,  the  point  £'  being  found 

1  the  last  figure,  //  s  may  be  made  equal  to  s  t\  instead  of 

:in  the  last  figure.    Fig.  224  is  appropriate  for  a  crown 
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moulding,  of  a  cornice.     In  this  figure  the  height  and  pro- 
jection are  g^ven;  the  direction  of  the  diameter,  ab^  drawn 


Fjg.  225. 


Fig.  226. 


"tVirough  the  middle  of  the  diagonal,  ef,  is  taken  at  pleasure ; 
«^»id  dc  is  parallel  to  ac.     To  find  the  length  oidc^  draw  b  k 


Fig.  337. 


Fig.  238. 


Fig.  329. 


at  right  angles  to  ab ;  upon  <?,  with  of  for  radius,  describe 
%he  arc, /A,  cutting  bh  \nh;  then  make  oc  and  od  each 
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equal  to  /'//.*   To  draw  the  curve,  sec  note  to  Art.  551 
225  to  229  are  peculiarly  distinct  from  ancient  mouldir 
being  composed  principally  of  straight  lines  ;  the  few  cun'cs 
they  possess  are  quite  short  and  quick. 

Figs.  230  and  231  are  designs  for  antae  caps.  The  di- 
ameter of  the  antae  is  divided  into  20  equal  parts,  and  the 
height  and  projection  of  the  members  are  regulated  in  ac- 
cordance with  those  parts,  as  denoted  under  H  and  P,  height 
and  projection.  The  projection  is  measured  from  the  mid- 
dle of  the  antae.  These  will  be  found  appropriate  for  por- 
ticos, doorways,  mantelpieces,  door  and  window  trimmings, 


n.p. 


n.  p 


IK 
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Fig.  230. 


Fic.  231. 


etc.  The  height  of  the  anta?  for  mantelpieces  shouTc 
from  5  to  6  diameters,  having  an  entablature  of  from  2  to 
2\  diameters.  This  is  a  good  proportion,  it  being  similar  to 
the  Doric  order.     But  for  a  portico  these  proportions 


*  Tlie  manner  of  ascertaining  the  length  of  the  conjugate  diameter,  dr^^ 
this  iiRure,  and  also  in  Pigs,  tqi,  241,  and  242  is  new,  and  is  important  In 
application.  It  is  founded  upon  wellknown  inaihematical  principles,  vii.: 
the  parallelograms  that  may  be  circumscribed  about  an  ellipsis  are  equal'j 
one  another,  and  consequently  any  one  is  equal  lo  the  rectangle  of  the 
axes.  And  again  :  The  sum  of  the  squares  of  every  pair  of  conjugate  dii 
tcrs  is  equal  to  the  sum  of  the  squares  of  the  two  axes. 


CES. 
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much  too  heavy:  an  antae  15  diameters  lii^h  and  an  entab- 
lature of  3  diameters  will  have  a  better  ap[>caraiice. 


f  CORNICES. 

319. — Bcnifftii  for  Cornices. — Figs.  232  to  240  are  designs 
for  eave  cornices,  and  J-i^s.  241  and  243  arc  fur  stucco  cor- 
nices for  the  inside  tinish  of  rooms.  In  some  of  these  the 
projection  of  the  uppermost  member  from  the  facia  is 
divided  into  twenty  equal  parts,  and  the  various  members 


Fig.  232. 

^1^  proportioned  according  to  those  parts,  as  figured  under 
//and  P. 

320*~d*v<^  Cornlccit  Proportioned  to  Height  of  Buttd- 
luff. — Draw  the  line  nc  {J-'i^^  ~Ai)<  '^^^^^\  make  />  c  and  If  a  each 
i*qual  to  36  inches  ",  from  /» rlra.y  bfi^X.  right  angles  to  rif, 
and  equal  in  length  to  |  of  ^c\  bisect  <^r/ in  r,  and  from  rt, 
through  f'.draw  n/\  upon  a,  with  ac  for  radius,  describe  the 
arc  <•/.  and  upon  t\  with  c/ior  radius,  describe  the  arc///: 
divide  the  curve  d/c,  into  7  equal  parts,  as  at  10,  20,  30, 
etc.,  and    from  these  points  of    division  draw   lines    lo  I'C 
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Fig.  240. 
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Fig.  241. 


H.P. 


Fig.  243. 
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i\  \.odb\  then  the  distance  b  i  is  the  projection  of  a 
e  for  a  building  10  feet  high  ;  b  2,  the  projection  at  20 
igh;  b  3,  the  projection  at  30  feet,  etc.  If  the  projec- 
if  a  cornice  for  a  building  34  feet  high  is  required, 
the  arc  between  30  and  40  into  10  equal  parts,  and 


Fig.  243. 


a    3  ♦     c 


he  fourth  point  from  30  draw  a  line  to  the  base,  b  c, 
;l  with  bd\  then  the  distance  of  the  point  at  which 
ine  cuts  the  base  from  b  will  be  the  projection  re- 
l.  So  proceed  for  a  cornice  of  any  height  within  70 
The  above  is  based  on  the  supposition  that  36  inches 


Fig.  244. 

proper  projection  for  a  cornice  70  feet  high.     This, 
neral  purposes,  will  be  found  correct ;  still,  the  length 

line  be  may  be  varied  to  suit  the  judgment  of  those 
hink  differently. 

iving  obtained   the  projection  of  a  cornice,  divide  it 
ro  equal  parts,  and  apportion  the  several   members 
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according'  to  its  destination — as  is  shown  at  Figs.  238,239, 
and  240. 

32  L — Comire    I^roportioiied  I.0  a  given  Comlrc. — Let 

the  cornice  at  Fig.  244  be  the  given  cornice.  Upon  any 
point  in  the  lowest  line  of  the  lowest  member,  as  at  a,  with  the 
height  of  the  required  cornice  (or  radius,  describe  an  intersect- 
ing arc  across  the  uppermost  line,  as  at  ^;  join  </ and  i; 
then  b  i  will  be  the  perpendicular  height  of  the  upper  fillet 
for  the  proposed  cornice,  i  2  the  height  of  the  crown  mould- 
ing — and  so  of  all  the  members  requiring  to  be  enlarged  to 
the  sizes  indicated  on  this  line.     Fur  the  projection  of  the 


\ 


Fig.  245. 


caci 


proposed  cornice,  draw  a  d  nxi  right  angles  to  a  b^  and  €d 
right  angles   to  be;  parallel  with   r^/ draw  lines   from 
projection  of  the  given  cornice  to  the  line  u  <i  \  then  e  ti  \i 
be  the  required  projection  for  the  proposed  cornice,  and 
perpendicular  lines  falling  upon  i'  d  will  indicate  the  pro 
projection  for  the  members. 

To  proportion  a  cornice  according  to  a  larger  given  c 
nice,  let  A  {Fig.  245)  be  the  given  cornice.  Extend  a  a  to 
and  drawr*/  at  right  angles  tort^;  extend  the  horizon 
lines  of  the  cornice,  A,  until  ihey  touch  Off:  place  the  heig 
of  the  proposed  cornice  from  0  to  r,  and  join  _/" and  f\  up 
0,  with  the  projection  of  the  given  cornice,  ^a,  for  radi 
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describe  the  quadrant  ad;  from  //draw  t/^  parallel  to/^; 
upon  t',  with  flf>  for  radius,  describe  the  quadrant  dc,  then 
47r  will  be  the  proper  projection  for  the  proposed  cornice. 
Join  a  and  c,  draw  Uncs  from  the  projection  of  the  difTerent 
members  of  the  given  cornice  to  rt  <»  parallel  lo  pd;  from 
these  divisions  on  the  line  no  draw  lines  to  the  line  o^ 
parallel  to  ac;  from  the  divisions  on  the  line  0/  draw  lines 
to  the  line  fJi*  parallel  totheline/*",  then  the  divisions  on 
the  lines  f»/*  and  oc  will  indicate  the  proper  height  and  pro- 
jection for  the  different  membei-s  of  the  proposed  cornice. 
In  this  prfx:css,  we  have  assumed  the  height,  of,  of  the  pro- 
posed  corni' ••  t>'  be  given  ;    but  if  the  projection,  o  f,  alone 


t 


Fig.  147. 


given,  we  c:iu  obtain  the  same  result  by  a  different  pro- 
'dhss.  Thus:  upon  o,  with  oc  for  radius,  describe  the  quad- 
rant r^:  upon  o,  with  oa  for  radius,  describe  the  quadrant 
ad;  join  d  and  6',  from  /dniw  /<-  parallel  to  d b\  then  or 
will  be  the  proper  height  for  the  proposed  cornice,  and  the 
height  and  projection  of  the  different  members  can  be 
obtained  by  the  above  directions.  By  this  problem,  a  cor- 
nice can  be  proportioned  according  to  a  smalirr  given  one 
as  well  as  to  a  larger  ;  but  the  method  described  in  the  pre- 
vious article  is  much  more  simple  for  that  purpose. 

322. — Aniltr  Bnu-kct  iu  u  Built  Cortiico. — Let  A  {Fig. 
146)  be  the  wall  of  the  building,  and  H  the  given  bracket. 
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which,  for  the  present  purpose,  is  turned  down  horizontallyj 
The  angle-bracket,  C,  is  obtaiiied  thus:  through  the 
trcmity,  a,  and  parallel  with  the  wall,  y*//,  draw  the  Uned^fl 
makecc  equal  a/,  and  through  c  draw  c if  parallel  withri 
join  t/  and  d,  and  from  the  several  angular  points  in  B  dm 
ordinates  to  cut  iif  d  in  i,  2,  and  3;  at  those  points  erect  line 
perpendicular  to  db\  from  //  draw  hg  parallel  to /a:  lake 


Fig.    248. 

the  ordinates,  \o,2o,  etc.,  at  B,  and  transfer  them  to  C,  and 
the  angle-bracket,  C,  \f'\\\  be  defined.  In  the  same  manner, 
the  angle-bracket  for  an  internal  cornice,  or  the  angle-rihof 
a  coved  ceiling,  or  of  groins,  as  at  fig.  247,  can  be  found. 

323.— Ra><->>iB  Mouldinfffl  matclicd  with  I^cfcI  Reiurn*.- 

Let  A  {Fig.  248)  be  the  given  moulding,  and  A  b  the  rake  of 
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roof.  Divide  the  curve  of  the  given  moulding  intb  any 
ttber  of  parts,  equal  or  unequal,  as  at  i,  2,  and  3  ;  from 
se  points  draw  horizontal  lines  to  a  perpendicular  erected 
n  c;  at  any  convenient  place  on  the  rake,  as  at  B,  draw 
at  right  angles  to  ^  ^ ;  also  from  6  draw  the  horizontal 
ida;  place  the  thickness,  da,  of  the  moulding  at  A  from 
)  a,  and  from  a  draw  the  perpendicular  line  ae;  from 
points  I,  2,  3,  at  -(4,  draw  lines  to  C  parallel  to  A  d; 
<eai,  a2,  and  a  3,  at  B,  and  at  C,  equal  to  a  i,  etc.,  at  A  ; 
3ugh  the  points,  i,  2,  and  3,  at  B,  trace  the  curve — this 
I  be  the  proper  form  for  the  raking  moulding,  From  i, 
ind  3,  at  C,  drop  perpendiculars  to  the  corresponding 
inates  from  i,  2,  and  3,  at  ^  ;  through  the  points  of  inter- 
tion,  trace  the  curve — this  will  be  the  proper  form  for  the 
*rn  at  the  top. 
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SECTION  VI.— GEOMETRY 


324*^]lliithc>'mnilcH  EHicnilaK — In  this  and  the  following 
^^ctions,  which  will  constitute  Part  IL,  there  are  treated  of 
Certain  matters  which  may  be  considered  as  elementary. 
*  hey  are  all  very  necessary  to  be  understood  and  acquired 
t>y  the  builder,  and  are  herr  compactly  presented  in  a  shape 
"Which,  it  is  believed,  will  aid  him  in  his  studies,  and  at  the 
same  time  prove  to  be  a  great  convenience  as  a  matter  of 
reference. 

The  many  g;eometrical  forms  which  enter  into  the 
Composition  of  a  building  suggest  a  knowledge  of  Elcmen- 
^ry  Geometry  an  essential  to  an  intelligent  comprehension 
<^f  its  plan  and  purpose.  One  of  the  prime  requisites  of  a 
building  is  stability,  a  quality  which  depentls  upon  a  proper 
^distribution  of  the  material  of  which  the  building  is  con- 
structed ;  hence  a  knowledge  of  the  laws  of  pressure  and 
*^hc  strength  of  materials  is  essential ;  and  as  these  are  based 
Upon  the  laws  of  proportion  and  are  expressed  more  con- 
cisely in  algebraic  language,  a  knowledge  of  Proportion  and 
of  Algebra  are  likewise  indispensable  to  a  comprehensive 
Understanding  of  the  subject.  There  will  be  found  in  this 
"v^'ork,  however,  only  so  much  of  these  parts  of  mathematics 
;is  have  been  deemed  of  the  most  obvious  utility  in  the 
Science  of  Building.  For  a  more  exhaustive  treatment  of 
the  subjects  named,  the  reader  is  referred  to  the  many  able 
works,  readily  accessible,  which  make  these  subjects  their 
specialties. 

325. — Elcmeniary  Cieometrjr. — In  all   reasoning  defini- 
tions are  necessary,  in  order  to  insure  in  the  minds  of  the 
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proponent  and  respondent  identity  of  ideas.  A  corollanl 
an  inference  deduced  from  a  previous  course  of  reasoning 
An  axiom  is  a  proposition  evident  at  first  sight.  In  thefol-" 
lowing  demonstrations  there  are  many  axioms  taken  fq 
granted  (such  as,  things  equal  to  the  same  thing  areequail 
one  another,  etc.) ;  these  it  was  thought  not  necessary  Ui 
introduce  in  form. 

326. — Dcflnltlan.— If  a  straight  line,  as  A  B  {Fig. 
stand  upon  another  straight  line,  as  CD,  so  that  the  U 


angles  made  at  the  point  B  are  equal — A  B  C  to  A  BD\Ari. 
499,  obtuse  angle) — then  each  of  the  two  angles  is  called  a 
right  angle. 

327. — DefliiJllaii»— The  circumference*  of  every  circle 
is  supposed  to  be  divided  into  360  equal  parts,  called 
degrees:  hence  a  semicircle  contains  180  degrees,  a  quad- 
rant 90,  etc. 


/ 


/ 


C  B  D 

Fig.  S50. 


328. — Doflnttlon. — The  measure  of  an  angle  is  the  ntinj* 
ber  i)f  degrees  contained   between  its  two  sides,  using  the 
angular  point  as  a  centre  upon  which  to  describe  the  arc. 
Thus  the  arc  C  E  (Fig.  250)  is  the  measure  of   tlie  angle  ; 
CB£,£Aot  the  angle  i?  ^  ^,  and  A  D  of  the  angle  ABD.^ 

329, — Cortttlnry. — As  tlic  two  angles  at  B  {Fig.  249) ^H 
right  angles,  and  as  the  semicircle,  C  A  A  contains  180  ^t- 
grces{Ar/.  327),  the  measure  of  two  right  angles,  therefore, i»  1 


UE  ANGLES 


res;  ul  one  right  angle.  90  degrees;  of  half  a  right 
;  of  one  tJiiril  of  a  right  angle,  30,  etc. 


330. — Deflnliion. — In  measuring  an  angle  {Ar/,  328),  no 
regard  is  to  be  had  to  the  length  of  its  sides,  but  only  to  the 
degree  of  their  inclination.  Hence  r^ua^  attgies  are  such  as 
have  the  same  degree  of  inclination,  without  regard  to  the 
length  of  their  sides. 

33l> — Axiom.— If  two  straight  lines  parallel  to  one 
another,  as  A  U  and  CD  {Fig,  251),  stand  upon  another 
straight  line,  as  E  F.  the  angles  A  B  F  and  CDF  are  equal, 
and  the  angle  A  BE  is  equal  to  the  angle  C D E. 

332.— ncflnltloii.— If  a  straight  line,  as  /I  ^  {Fig,  250), 
stand  obliquely  upon  another  straight  line,  as  CD,  then  one 
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^^^^Ic  angles,  as  A  li  C,  is  called  an  obtuse  angif^  and   the 
^^Hher.  us  A  F  D,  an  acutt-  (tttglc. 

^K   333 

Br  tog 


333.—  Axiom  .—The  two  angles  A  /?  D  and  A  B  t  ( Ft^.  250) 
together  equal  to  two  right  angles  {Arts,  326,  329);  also, 

the  three  angles   A  B D,  E  B  A,  and  CB  E   arc  together 

equal  to  two  right  angles. 


334>i — Corollary.— Mence  all  the  angles  that  can  be 
ma<le  upon  one  side  of  a  line,  meeting  in  a  point  in  that 
line,  are  together  equal  to  two  right  angles. 

335« — Corottarx. —  Hence  all  the  angles  that  can  be  made 
nn  both  sides  of  a  line,  at  a  point  in  that  line,  or  all  the 
angles  that  can  be  made  about  a  point,  arc  together  equal  to 
luur  right  angles. 
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336. — Proponlilon. — if  to  each  of  two  equal  angles 
third  angle  be  added,  their  sums  will  be  equal.  Let  A  B{ 
and  D  E  F{Fig.  252)  be  equal  angles,  and  the  angle  I J K\ 
one  to  be  added.  Make  the  angles  G  B  A  and  NEDdA 
equal  to  the  given  angle  I J  K\  then  the  angle  G  fi  C  will  be 
equal  to  the  angle  H E F\  for  \{  A  B  C and  DEE  be  angles 


of  90  degrees,  and  lyK  30,  then  the  angles  G BC  and 
HEF  will  be  each  equal  to  90  and  30  added,  viz.,  120 
degrees. 


337-— Propoiililon,  -Triangles  that  have  two  of  their 
sides  and  the  angle  contained  between  them  respectivrff 
equal,  have  also  their  rhird  sides  and   the  two  remainii^ 


^ 


angles  equ:il :  and  cnnsequcnlly  one  triai^le  will  every  wiy 
equal  the  other.  Let  ABC  {Fig.  253)  and  D  E  F  be  tw» 
given  triangles,  having  the  angle  at  A  equal  to  the  angle  at 

A  the  side  A  B  equal  to  the  side  />A,  and  the  side  AC 
equal  to  the  side  />  F\  then  the  third  side  of  one,  B  C.  is  equal 
to  the  third  side  of  the  other,  E  F\  the  angle  at  i?  is  equal  to 
the  angle  at  E,  and  the  angle  at  C  is  ciiuat  to  the  angle  at 
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^.  For  if  one  triangle  be  applied  to  the  other,  the  three 
>oints  B,A,C,  coinciding  with  the  three  points  £,  D,  F,  the 
ine^Cmust  coincide  with  the  line  E  F;  the  angle  at  B 
^ith  the  angle  at  £;  the  angle  at  C  with  the  angle  at  F; 
itid  the  triangle  BACbc  every  way  equal  to  the  triangle 
iDF. 

338. — Propotiiion. — The  two  angles  at  the  base  of  an 
sosceles  triangle  are  equal.     Let  ABC  {Fig.  254)  be  an 


osceles  triangle,  of  which  the  sides,  A  B  and  A  C,  are  equal, 
•isect  the  angle  {Art.  506)  B A  Chy  the  line  A  D.  Then,  the 
ne  B  A  being  equal  to  the  line  A  C,  the  line  A  D  oi  the 
iangle  £  being  equal  to  the  line  A  D  of  the  triangle  F 
jeing  common  to  each),  the  angle  B  A  D  being  equal  to  the 
ngle  DA  C, — the  line  B D  must,  according  to  Art.  337,  be 


qual  to  the  line  D  C,  and  the  angle  at  B  must  be  equal  to 
le  angle  at  C. 

339, — Propoiltion. — A  diagonal  crossing  a  parallelogram 
ividesit  into  two  equal  triangles.  Let  CD£F  {Fig.  255) 
e  a  given  parallelogram,  and  C  F  ^  line  crossing  it  diag- 
nally.  Then,  as  ^  67  is  equal  to  F D,  and  £ F  to  CD,  the 
ngle  at  £  to  the  angle  at  D,  the  triangle  A  must,  according 
3  Art.  337,  be  equal  to  the  triangle  B. 
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340.— Proposition.— Let  J K LM  {Fig.  256)  be  a  given 
parallelogram,  and  K L  a.  diagonal.    At  any  distance  bclwccn 
yA'and  /.  M  draw  A' P  parallel  to  7 K ;  through  the  poini 
G,  the    intersection  of  the    lines    K  L   and    JV P,  draw  Wf 
parallel  to  A' J/.     In  every  parallelogram  thus  divided,  tlit 
parallelogram  .>J  is  equal  to  the  parallelogram^.    For,  ac-| 
cording  to  ArL  339.  the  triangle  JXL  is  equal  to  the  tri- 
angle A'/,  M,  the  triangle  C  to  the  trianjjlc  £>,  and  £  lo/; 


//■  K 


H  K 
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J± 


this  being  the  case,  take  D  and  F  from  the  tnangle  KL\ 
and  CTand  .£"  trom  the  triangle  J  K  L,  arfd  what  remains 
one  must  be  equal  to  what  remains  in  the  other:  therefor 
the  parallelogram  A  is  equal  to  the  parallelogram  B. 

34-1, — I^o|»onUloii» — Parallelograms  standing   upon  tl 
same  base  and  between  the  same  parallels  arc  equal. 
A  BCD  and    EFCD  {Ftg.  257)  be  given    parallelograms 


Ftc.  257. 

standing  upon  the  same  base.  CD,  and  between  the  sar 
parallels,  A  F  and  CD.  Then  A  H  and  F.  F,  being  equal  to 
CZ?,  are  equal  to  one  another;  BE  being  added  to  both 
A  B  and  £  /%  A  E  equals  B  F\  the  line  A  C  being  equal  to 
B  D,  and  A  E  to  B  F,  and  the  angle  C  A  E  being  equal  (,*-fr/. 
331)  to  the  angle  DBF,  the  triangle  A  iE'Cmust  be  equal 
{Art.  337)  to  the  triangle  B  F D\  these  two  triangles  being 
et^ual,  take  the  same  amount,  the  triangle  B  E  G,  from  cac 
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and  what  remains  in  one,  A  BG C,  must  be  equal  to  what 
remains  in  the  other,  ^7^ Z>  G-,  these  two  quadrangles  being 
equal,  add  the  same  amount,  the  triangle  CG  D.io  each,  and 
they  must  still  be  equal;  therefore,  the  parallelogram 
ABC D  is  equal  to  the  parallelogram  EFC D. 

342. — Corollary. — Hence,  if  a  parallelogram  and  triangle 
stand  upon  the  same  base  and  between  the  same  parallels, 


the  parallelogram  will  be  equal  to  double  the  triangle. 
Thus,  the  parallelogram  A  D  {Fig.  257)  is  double  {Art.  339) 
the  triangle  C  E  D. 

343. — Propotltlon. — Let  FG H D  {Fig.  258)  be  a  given 
quadrangle  with  the  diagonal  F  D.    From   G  draw   G  E 


Fig.  259. 

parallel  io  FD\  extend  H D  to  E\  join  /"and  E;  then  the 
triangle  FE  H  will  be  equal  in  area  to  the  quadrangle 
FGHD.  For  since  the  triangles  FDG  and  FDE  stand 
upon  the  same  base,  F  D,  and  between  the  same  parallels, 
FD  and  G E,  they  are  therefore  equal  {Arts.  341,  342) ;  and 
since  the  triangle  C  is  common  to  both,  the  remaining  tri- 
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angles,  A  and  B,  are  therefore  equal ;  then,  B  being  equal toj 
A,  the  triangle  J'' B  //  is  equal  to  the  quadrangle  F  G  H D, 

344. — Propooltion. — If  two  straight  lines  cut  each  other, 
as  FG  and  HJ  {Fig.  259),  the  vertical,  or  opposite  angles. 
A  and  C,  are  equal.  Thus,  FE,  standing  upon  H y,  forms 
the  angles  B  and  C,  which  together  amount  {Art.  333)  to  two 
right  angles  ;  in  the  same  manner,  the  angles  A  and  B  form 
two  right  angles;  since  the  angles  A  and  B  are  equal  to  B\ 
and  C,  take  the  same  amount,  the  angle  />,  from  each  pair, 
and  what  remains  of  one  pair  is  equal  to  what  remains  cil 
the  other ;  therefore,  the  angle  A  is  equal  to  the  angle  C. 
The  same  can  be  proved  of  the  opposite  angles  B  and  D. 

9      B 


345. — f^ropotllton. — The  three  angles  of  any  triangle  ai* 
equal  to  two  right  angles.     Let  A  B  C  {Fig,  260)  be  a  givc^ 
triangle,  with  its  sides  extended  to  /%  E  and  D,  and  the  lii»*^ 
C  C  drawn  parallel  to  BE.    As  (7  (7  is  parallel   to  E B,^^ 
angle  at  //  is  equal  {Art.  33 1^  to  the  angle  at  Z  ;  as  the  \v\C^ 
/^Tand  BE  cut  one  another  at  A^  the  opposite  angles  at  y^ 
and  A' are  equal  {Art.  334) ;  as  the  angle  at  N \%  equal  {A\ 
331)  to  the  angle  at  J,  the  angle  at  J  is  equal  to  the  angle: 
M \  therefore,  the  three  angles  meeting  at  6"  are  equal  to  ll 
three  angles  of  the  triangle  ABC:  and  since  the  three  angll 
at  ^arc  equal  l^r/.  333^  to  two  right  angles,  the  three  ar 
of  the  triangle  ..-l /j^r  must  likewise  be  equal  to  two  rif 
angles.     Any  triangle  can  be  subjected  to  the  same  proof. 

346* — Corollary. — Hence,  if  one  angle  of  a  triangle  be. 
right  angle,  the  other  two  angles  amount  to  just  one  jrtgll 
angle. 


,_Corollar)'. — If  one  angle  of  a  triangle  be  a  'right 
and  the  twtj  reraaining  angles  are  equal  to  one  anotlicr, 
these  are  each  equal  to  half  a  right  angle. 

348. — Corollary* — If  any  two  angles  of  a  triangle  amount 
to  a  right  angle,  the  remaining  one  is  a  right  angle. 

349._Corollar}'. — If  any  two  angles  of  a  triangle  are  to- 
gether equal  to  the  remaining  angle,  that  remaining  angle  is 
4  right  angle. 

350. — Corollary. — If  any  two  angles  of  a  triangle  are  each 
equal  to  two  thirds  rjf  a  right  angle,  the  remaining  angle  is 
also  equal  to  two  thirds  of  a  right  angle. 

351.— Corollary. — Hence,  the   angles  of  an  equilateral 
triangle  arc  each  equal  to  two  thirds  of  a  right  angle. 


Fto.  a6t. 


352. — Propovlilon. — If  from  the  extremities  of  the  di- 
dmetcr  of  a  semicircle  two  straight  lines  be  tirawn  to  any 
|K>tnt  in  the  circumference,  the  angle  formed  by  them  at  that 
will  be  a  right  :inglc.     Let  //  B C {Fit;,  2611  be  a  given 
nicircic;  and  .^ /^  and  /j  nines  drawn  from  the  extrem- 
ities of  the  diameter  A  C  to  the  given  point  B\  the  angle 
iorroed  at  that  |>oint  by  these  lines  is  a  right  .inglc.     Join 
the  point  ti  and  the  centre  D  \  the  lines  DA,  D  H,  and  D  C\ 
being  radii  of  the  «amc  circle,  are  equal;  the  angle  at  A  is, 
therefore,  equal  (Arf.  3381  to  the  angle  at  /i\  also,  the  angle 
at  C  is,  for  the  same  reason,  equal  to  the  angle  at  F;  the 
ani^Ie  /I  BC,  being  equal  to  the  angles  at  A  and  C  taken  to- 
gtther,  must,  therefore  {Art.  349),  be  a  right  angle. 

3S3« — Propovitloiu — The  square  on  the  hypothenuseof  4 
right-angled  triangle  is  equal  to  the  squares  on  the  two  re- 
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maininiT  sides.     Let  ABC  {Fi'if.  262)  be  a  given  right-angled 
triangle,  havinpj  a  sqinirc  furmcd  on  each  of  its  sides;  then 
the  square  A' /f  is  cquaJ  to  the  squares  //CTand   i/ ^  taken 
together.     This  can  be  proved  by  showing  that  the  parallelo- 
gram B  L  is  equal  to  the  square  G B ;  and  that  the  parallelo- 
gram CL  is  equal  ti>  the  square  HC     The  angle   CBDki 
right  angle,  and  the  angle  A  BF\s  a  right  angle  ;  add  toea 
of  these  the  angle  ABC;  then  the  angle  FB  C  will  evidcti 
be  equal  u-IrA  336)  to  the  angle  ABD;  the  triangle  FH 
and  the  square  G  B,  being  both  upon  the  same  base,  /^/f,and 
between  the  same  parallels,  F B  and  G  C,  the  square  G  B  is 
equal  {Art.  1^2)  io   twice  the   triangle   FBC;  the  triangle 
A  B  D  and  the  parallelogram  /> /,,  being  both  upon  the  same 
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base,  B  />,  and  between  the  same  parallels,  B D  and  A  L,  the 
parallelogram  BL  is  equal  to  twice  the  triangle  ABD\ 
the  triangles,  FBC  and  A  B I),  being  equal  to  one  another 
{Art.  337),  the  square  G B  is  equal  to  the  parallelogram  HL 
either  being  equal  to  twice  the  triangle  FB  C  or  A  B  D.  The 
method  of  proving  //(T  equal  to  C  L  is  exactly  similar — thus 
proving  the  square  BE  equal  to  the  squares  //f  and  G Bt 
taken  together. 

This  problem,  which  is  the  47th  of  the  First  Book  o( 
Euclid,  is  said  to  have  been  demonstrated  first  by  Pylhago* 
ras.  It  is  stated  (but  the  story  is  of  doubtful  authority) 
that  as  a  thank-offering  for  its  discovery  he  sacrificed  a  hun- 
dred  oxen  to  the  gods.  From  this  circumstance  it  is  some- 
times called  the  hecatomb  problem.     It  is  of  great  value  in 
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•^  exact  sciences,  more  especially  in  Mensuration  and  As- 
^•^nomy,  in  whicli  many  otlienvisc  intricate  calculations  are 
*^y  it  m«tde  easy  of  solution. 

354. — PropoHlilon. — In  an  equilateral  octagon  the  semi- 
^iagunal  of  a  circumscribed  square,  having  its  sides  coinci- 
dent with  four  of  tlic  sides  of  the  octagon,  equals  the  dis- 
tance along  a  side  of  the  square  from  its  comer  tt»  the  more 
remote  angle  of  the  octagon  occurring  on  that  side  o(  the 
luare.  Let  Fig.  263  represent  the  square  referred  to ;  in 
ich  O  is  the  centre  of  each  :  then  A  O  equals  //  />.  To 
prove  this,  it  need  only  be  shown  that  the  triangle  A  O  D\^ 
an  isosceles  triangle  having  its  sides  A  i)and  A  D  equal.  The 
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octagon  being  equilateral,  it  is  also  equiangular,  therefore 
the  angles  ff  CO, /i  COy  A  D  O,  etc.,  are  all  ctju,-!!.  Of  the 
right-angled  triangle  FEC,FC  and  FE  being  equal,  the 
two  anj»lcs  /•'/:  6'and /''CT/i,  are- equal  {Art.  338),  and  are 
ihcreforc  {Art.  347)  each  equal  to  half  a  right  angle.  In  like 
manner  it  may  be  shown  that  FA  H  and  FH  A  arc  also  each 
equal  to  hall  a  right  angle.  And  since  F EC :ix^<^  FA  //arc 
equaJ  angles,  therefore  the  lines  F.  C  and  A  Ji  are  parallel 
(Art.  331,)  and  hence  the  angles  E  C  O  und  A  O D  are  equal. 
These  being  equal,  and  the  angles  ECO  and  .A  DO  being 
equal  by  construction,  as  before  shown,  therefore  the  angles 
AO  D  and  ADO  arc  equal,  and  consequently  the  lines  A  0 
\A  A  D  arc  equal.     {Art.  338.) 


GEOMETRY. 


355a— PropoHltfon. — An  anjj^lc*  at  the  circumference  ot  a 
circle  is  measured  by  half  the  arc  that  subtends  it;  thai  i^ 
the  angle  A  B  C {Fig.  264)  is  equal  to  half  the  angle  ADZ. 
Through  the  centre  D  draw  the  diameter  BE.    The  tri- 
angle A  B  D  is  an  isosceles  triangle,  A  /^and   B  D  being  ra- 
dii, and  therefore  equal ;  hence,  the  two  angles  at  F  and  0 
are  equal  {Art.  338),  and  the  sum  of  these  two  angles  is  equal 
to  the  angle  at  H  {Art.  345),  and  therefore  one  of  them,  ^fJ^J 
equal  to  the  half  of  //.     The  angles  at  H  and  at  G  (or  A  B0^k 
are  both  subtended  by  the  arc  A  E.     Now,  since  the  angle      ' 
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at  //"is  measured  by  the  arc  A  E,  wtiich  subtends  it,  there* 
fore  the  hallf  of  the  angle  at  H  would  be  measured  by  lh« 
half  of  the  arc  A  E  \  and  since  G  is  equal  to  the  half  of  H, 
therefore  G  or  A  B  E  is  measured  by  I  lie  half  of  the  arc  A  £. 
It  maybe  shown  in  like  manner  that  the  angle  EBCii 
measured  by  half  the  arc  E  C,  and  hence  it  follows  that  the 
angle  ABC  is  measured  by  half  the  arc,  A  C,  that  sub- 
tends it. 

356. — Proposition. — In  a  circle  all  the  inscribed  angles, 
A,  B,  and  C  {Fig.  265),  which  stand  upon  the  same  side  of  the 
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chord  Z>i^  are  equal.     For  each  angle  is  measured  by  half 
the  arc  DFE  {Art.  355).     Hence  the  angles  are  all  equal. 

3S7.— Corollary. — Equal  chords,  in  the  same  circle,  sub- 
tend equal  angles. 


Fig.  265. 


358. — ProposiUoi\^-The  angle  formed  by  a  chord  and 
angent  is  equal  to  any  inscribed  angle  in  the  opposite  seg- 
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lent  of  the  circle ;  that  is,  the  angle  D  {Fig.  266)  equals  the 
ngle  A,  Let  HF  be  the  chord,  and  E  G  the  tangent ;  draw 
le  diameter  yH\  then  JH  G^  is  a  right  angle,  also  JFH  is 
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a  right  angle.  (Art.  352.)  The  angles  A  and  B  together  equa\ 
a  right  angle  {Ar/.  346);  alsn  the  angles  B  and  D  together 
equal  a  right  angle  i^cqual  to  the  angle  J H G) ;  therefore, the] 


of  A  and  B 


the 


of  B  and  D.     Fi 


:hof 


sum  01  jj  ana  u.  rrom 
these  two  equals,  taking  the  like  quantity  />,  the  remainders 
A  and  D  are  equal.  Thus,  it  is  proved  for  the  angle  at  A; 
it  is  also  true  h>r  any  other  angle;  for,  since  all  other  in- 
scribed angles  on  that  side  of  the  chord  line  HF  equal  the 
angle  A  {Art.  356),  therefore  the  angle  formed  by  a  chord 
and  tangent  equals  any  angle  in  the  opposite  segment  of  the 
circle.  This  being  proved  for  the  acute  angle  Z?,  it  is  also 
true  for  the  obtuse  angle  EH F\  for,  from  any  \>om\,  K \Fig. 
267)  in  the  zlycH  KF,  draw  lines  to  7,  F  and  // ;  now,  if  itcjn 


be  proved  that  the  angle  £///^  equals  the  angle  F K lU  "^^ 
entire  proposition  is  proved,  for  the  angle  /''A'// equals  any 
of  all  the  inscribed  angles  that  can  be  drawn  on  that  side  of 
the  chord.  {Art.  356.)  To  prove,  then,  that  E H F ec{\X!ii^ 
H K F\  the  angle  /: ///^etpials  the  sum  of  the  angles  A  an<J 
B\  also  the  angle  //A' /^equals  the  sum  of  the  angles  C  and 
D.  The  angles  B  and  A  being  inscribed  angles  on  the  same 
ch»>rd,  y  Fy  are  equal.  The  angles  C  and  A,  being  right  angles 
{Art.  352),  arc  likewise  equal.  Now,  since  A  equals  t^and  B 
equals  A  therefore  the  sum  of  A  and  B  equals  the  sum  of  t 
and  D — or  the  angle  /: ///^equals  the  angle  H K F.  ^y 

359.  —  Proposition^  —  The   areas  of  parallelograms  of 
equal  altitude  arc  to  each  other  as  the  bases  of  the  parallelo- 
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graras.  In  Fig.  268  the  areas  of  the  rectangles  A  B  C D  and 
i?  £  Z> /^  are  to  each  other  as  the  bases  r/>  and  D  F.  For, 
pulling  the  two  bases  in  form  of  a  fraction  and  reducing  this 
fraction  to  its  lowest  terms,  then  the  numerator  and  denomi- 
nator of  ihc  reduced  fraction  will  be  the  numbers  of  equal 
parts  into  which  the  two  bases  respectively  may  be  divided. 
For  example,  let  the  two  given  bases  be  12  and  9  feet  respect- 
ively, then  -1^  =  J,  and  this  gives  four  parts  for  the  larger 
base  and  three  parts  for  the  smaller  one.  So,  in  Fig.  268, 
divide  the  base  CD  into  four  equal  parts,  and  the  base  D  F 
into  three  equal  parts;  then  the  length  of  any  one  of  the 
parts  in  CD  will  equal  the  length  of  any  one  of  the  parts  in 
^ F.  Now,  parallel  with  A  C,  draw  lines  from  each  point  of 
division  to  the  line  A  E.  These  lines  will  evidently  divide 
the  whole  figure  into  seven  equal  parts,  four  of  them  occnpy- 


A  H  E 

C  0  F 
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Tig  the  area  A  B  C D,  and  three  of  iheni  occupying  the  nrea 
^ E  D F.  Now  it  is  evident,  that  the  areas  of  the  two  rcct- 
ingles  are  in  proportion  as  the  number  of  parts  respectively 
nto  which  the  base-lines  are  divided,  or  thnt — 

^  A  B  C  D  :  B  E  D  F  :  :  C  D  :  D  F. 

The  Jkreas  in  this  particular  case  are  as  4  to  3.  But  in  gcu- 
jral  the  proportion  will  be  as  the  lengths  of  the  bases. 
Thus  the  proposition  is  proved  in  regard  lo  rectangles,  but 
t  has  been  shown  [Art.  341)  that  all  parallelt>granis  of  equal 
>ase  and  altitude  arc  equal.  Therefore  the  proposition  is 
>roved  in  regard  to  parallelograms  generally,  including  rect- 
ingles. 

360. — Propoftiiinn, — Triangles  of  equal  altitude  are  to 
aCh  other  as  their  bases.     It  has  been  shown  {Art.  359)  that 
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parallelograms  of  equal  altitude  are  in  proportion  as  their 
bases,  and  it  has  also  been  shown  {Art.  342)  that  of  a  triangle 
and  parallelogram,  when  of  equal  base  and  altitude,  the 
parallelogram  is  equal  to  double  the  triangle.  Therefore 
triangles  of  equal  altitude  are  to  each  other  as  their  bases. 

361. —  ProposfUon. — Homologous  triangles  have  their 
corresponding  sides  in  proportion.  Let  the  line  CD  {Fig. 
269)  be  drawn  parallel  with  A  B.  Then  the  angles  BCD 
and  E  A  B  are  equal  {Art.  331),  also  the  angles  E  D  C  vsA 
E B A  are  equal.  Therefore  the  triangles  EC D  and  EAB 
are  homologous,  or  have  their  corresponding  angles  equal. 


Fig.  26<j. 

For,  join  C  to  />',  and  A  to  A  then  the  triangles  A  C  D  and 
.^  C  A  standing  on  the  same  base,  C/>,  and  between  the 
same  parallels,  CD  and  A  />,  are  equal  in  area.  To  each 
of  these  equals  join  the  common  area  C  D  E,  and  the  sums 
A  DE  and  BCE  will  be  equal.  The  triangles  CDE  and 
A  D  Ey  having  the  same  altitude,  are  to  each  other  as 
their  bases  CE  and  A  E  {Art.  360),  or— 

CDE  '.  ADE  \\  CE  \  AE. 

Also  the  triangles  CDE  and  BCE,  having  the  same  alti- 
tude, are  to  each  other  as  their  bases  D  E  and  B  E,  or — 

CDE  :  BCE  wDE'.  BE. 
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And,  since  the  triangles  A  DE  and  BCE  are  equal,  as  before 
shown,  therefore,  substituting  in  the  last  proportion  AD E 
for  B  CE,  we  have — 

CDE  :  ADE  :  :  DE  :  BE. 

The  first  two  factors  here  being  identical  with  the  first  two 
in  the  first  proportion  above,  we  have,  comparing  the  two 
proportions — 

CE  :  AE  :  :  DE  :  B E\ 

or,  we  have  the  corresponding  sides  of  one  triangle,  CD  E, 
•0  proportion  to  the  corresponding  sides  of  the  other,  ABE. 


Fig.  270. 

362. — Propoiltlon, — Two  chords,  E  F  and  CD  {Fig.  270), 
tersecting,  the  parallelogram  or  rectangle  formed  by  the 
^o  parts  of  one  is  equal  to  the  rectangle  formed  by  the 
iro  parts  of  the  other.  That  is,  the  product  oi  C  G  multi- 
ied  by  G D\s  equal  to  the  product  oi  EG  multiplied  by 
F.  The  triangle  A  is  similar  to  the  triangle  B,  because  it 
IS  corresponding  angles.  The  angle  H  equals  the  angle  G 
\rt.  344) ;  the  angle  at  J  equals  the  angle  at  K,  because 
ey  stand  upon  the  same  chord,  DF{Art.  356) ;  for  the  same 


reason  the  angle  Jf  equnls  the  angle  i,  for  each  stands  upon 
the  siimc  chord,  E  C.  Therefore,  the  triangle  A  having  ihc 
same  angles  as  tlie  triangle  /j,  the  length  of  the  sides  ol  one 
are  in  like  [jroportion  as  the  length  nf  the  sides  in  the  other 
{Art.  361).     So— 

CG  :  EG  '.  \  GF  :  G D. 

Hence,  as  the  product  of  the  means  equals  the  product  ol 
the  extremes  {Art.  373),  E  G  multiplied  by  G F  is  equal  to 
C  G  multiplied  by  G  D, 

(363.— Propiitiftfon. — If  the  sides  of  a  quadrangle  art 
bisected,  and  lines  drawn  joining  the  points  of  bisection  in 
the   adjacent   sides,  these  lines   will  form  a  parallelogram. 
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Draw  the  diagonals  A  B  and  CD  {Fig.  271).  It  will  here  be 
perceived  that  the  two  triangles  A  E  O  and  A  CD  are  homol- 
ogous Jiaving  like  angles  and  proportionate  sides.  Twoui 
the  sides  of  one  triangle  lie  coincident  with  the  two  corres- 
ponding sides  of  the  other  triangle,  therefore  the  contained 
angles  between  these  sides  in  each  triangle  are  identical. 
By  construction,,  tliesc  corresponding  sides  are  proportioD- 
ate ;  A  C  being  equal  to  twice  A  E,  and  A  D  being  equal  to 
twice  //  0\  therefore  the  remaining  sides  are  proportionate, 
CD  being  equal  to  twice  i?  0,  hence  the  remaining  corres- 
ponding angles  are  equal.  Since,  then,  the  angles  AF.O 
and  A  CD  are  equal,  therefore  the  line  E  0  is  parallel  with 
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liagonal  CD — so,  likewise,  the  line  M N  is  parallel  to  the 
diagonal,  CD.  If,  therefore,  these  two  lines,  EO  and 
are  parallel  to  the  same  line,  CD,  they  must  be  parallel 
ch  other.  In  the  same  manner  the  lines  ON  and  EM 
►roved  parallel  to  the  diagonal  A  B,  and  to  each  other : 
jfore  the  inscribed  figure  ME  ON  xsvt,  parallelogram. 
\y  be  remarked,  also,  that  the  parallelogram  so  formed 
contain  just  one  half  the  area  of  the  circumscribing 
rangle. 


SECTION  VIL— RATIO,  OR  PROPORTION. 

364-. — Merchandise. — A  carpenter  buys  9  pounds  of  nail 
for  45  cents.  He  afterwards  buys  87  pounds  at  the  same 
rate.     How  much  did  he  pay  for  them  ? 

An  answer  to  this  question  is  readily  found  bv  multipl] 
ing  the  Sy  pounds  by  45  cents,  the  price  of  the  9  poundl^i 
and  dividing  the  product,  3915,  by  9;  the  quotient,  43$  cents, 
is  the  answer  to  the  question. 


365. — Th©  ^'Rnle  «r  Three." — The  process  by  which 
this  prot)leni  is  solved  is  known  as  the  Rule  of  Three,  or 
Proportion. 

In  cases  of  this  kind  there  are  three  quantities  given,  to 
find  a  fourth.  Previous  to  working  the  question  it  is  usual 
to  make  a  statement,  placing  the  three  given  quantities  in 
such  order  that  the  quantity  which  is  of  like  kind  with  the 
answer  shall  occupy  the  second  place ;  the  quantity  upon^ 
which  this  depends  for  its  value  is  put  in  the  first  place,  atirf  ' 
the  remaining  quantity,  which  is  of  like  kind  with  that  inthc 
first  place,  is  assigned  to  the  third  place. 

When  thus  arranged,  the  second  and  third  qu.intitics  a 
multiplied  together  and  the  product  is  divided  by  the  fi 
quantity ;     the    quotient,  the  answer  to  the  question,  is 
fourth  quantitv.     These  four  quantities  arc  related  to  each 
other  in  this  manner,  namely:  the  first  is  in  proportion  to 
the  second  as  the  third   is   to  the   fourth  :   or,  taking  the 
quantities  of  the  given  example,  and  putting  them  in  a  for- 
mal statement  with  the  customary  marks  between  them,  we 
have — 

9  :  45  :  :  87  :  435, 

which  is  read :  9  is  to  45  as  87  is  to  435  ;  or,  9  is  in  pro| 
tion  to  45  as  87  is  to  435  ;  or,  9  bears  the  same  relation 
as  87  docs  to  435, 


[lit 

i 


366« — Couples:   Anlccedcnt,  Consequent*— These    four 

mtities  arc  ternied  Proportionals^  aiitl  may  be  divided  into 

couples  ;    the   first  and  second   quantities  forming  one 

fiiple,  and  the  third  and  fourth  the  cither  couple.    Of  each 

gliple  the  first  quantity  is  termed   the  antecedent,  and  the 

B  the  consequent.     Thus  9  is  an  antecedent  and  45  its  con- 

Bquent ;  so,  also,  87  is  an  antecedent  and  435  its  consequent. 

367.— Equal  €oui»lvii:  an  Equation. — These  four  quan- 
ties  may  be  put  in  tcjrra  thus: 


acPtf 


9 


87 


joupic  is  here  stated  as  a  fraction :  each  has  its  ante- 
ident  beneath  its  cfjnsc(|iiciit,  and  the  two  couples  arc 
jparated  by  a  sign,  two  shctrt  parallel  lines,  signifying' 
quality.  This  is  an  equation,  and  is  read  thus  :  45  divided 
y  9  is  equal  to  435  divided  by  "^"j  \  or,  as  ordinary  fractions: 
j  ninths  are  equal  to  435  eighty-sevenths. 


368. — Equality  of  HuHoh.  —  Each  couple  isalso  termed  a 
mfiio,  and  the  two  the  Equality  of  Ratios.     Thus  the  ratio 

1^ 


equal  to  the  ratio 


435 
87 


If   the   division  indicated    in 


icse  two  ratios  be  actually  performed,  the  equality  between 
le  two  will  at  once  be  apparent,  for  the  quotient  in  each 
5.  The  resolution  of  each  couple  into  its  simplest 
iv  actual  division  is  shown  thus : 


f-^ 


435 


*hese  are  read 
y  87  equals  5. 


87 


45  divided  by  9  equals  5  ;    and  435  divided 


369. — Eqaalg  Maltipliefi  b]  Equals  Give  Equals.— If  two 

qual  quantities  be  each  multiplied  by  a  given  tpKuitity.  the 
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two  products  will  be  equal.     For  example,  the  fractions  \ 
and  I  are  each  equal  to  i,  and  arc  therefore  equal  to  eiachj 
other.     If  these  two  equal  quantities  be  each  multiplied  bj 
any  given  number,  say,  for  example,  by  4,  we  shall  have 
times  f  equals  J,  and  4  times  ^  equals  Y  :  these  products,  {^ 
and  ^  are  each  equal  to  2,  and   therefore  equal  to  each 
other. 


370, — Ifffultlplylng  an  Eqnatlott. — The  quantity  on  each 
side  of  the  sign  =  is  called  a  member  of  the  equation,  11 
each  member  be  multiplied  by  the  same  tjuantity,  the 
equality  of  the  two  members  is  not  thereby  disturbed  \Art. 
369) ;     therefore,    if    the    two    members    of    the    equation 

—  =-^^  (/4r/.  367)  be  each  multiplied  by  87,  or  be  modified 

thus : 

45  X  87  ^  435  X  87 
9  87      • 


in  which  x,  the  sign  for  multiplication,  indicates  that 
quantities  between  which  it  is  placed  are  to  be  mulliplie^l 
together;  this  ddition  to  each  member  of  the  equation  docs 
not  destroy  the  equality  ;  the  members  are  still  equal 
though  considerably  enlarged.  The  equality  may  be  easily 
tested  by  ])erforming  the  operations  indicated  in  the  equa- 
tion. For  example  :  for  the  first  member,  we  have  45  tiroes 
87  equals  3915,  and  this  divided  by  9  equals  435.  Again,  lor 
the  second  member  we  have  435  times  87  ecjuals  3784S,  and 
this  divided  by  87  equals  435,  the  same  result  as  that  f<irthc 
first  member.  Thus  the  multiplication  has  not  interfered 
with  the  equality  of  the  members. 

371. — mulllplylnK  und  Dividing  one  Member  of  an 
Equation:  Cnucpliins. —  If  a  quantit}'  be  multiplied  by  a 
given  number,  and  the  product  be  divided  by  the  same 
given  number,  the  quotient  will  equal  the  original  quantity. 
For  example:  if  8  be  multijilied  by  3.  the  product  will  be 24; 
then  if  this  product  be  divided  by  3.  the  quotient  will  be  8. 
the  original  quantity.     Thus  the  value  of  a  quantity  is  not 
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Chang^ed  by  multiplying  it  by  a  number,  provided  it  be  also 
divided  by  the  same  number. 

From  this,  also,  we  learn  that  the  vciliie  of  a  quantity 
which  is  required  to  be  multiplied  and  divided  by  the  same 
number  will  not  be  changed  if  the  multiplication  and  divis- 
ion be  both  omitted  ;  one  cancels  the  other.  Therefore  the 
number  87,  appearing  in  the  second  member  of  the  equation 
m  the  last  article  both  as  a  multiplier  and  a  divisor,  may  be 
omitted  without  destroying  the  equality  of  the  two  mem- 
bers.    The  equation  thus  treated  will  be  reduced  to — 


45  X  87 


=  435. 


This  expression  is  read  :  the  product  of  45  times  87  divided 
3y  9  equals  435.  It  will  be  observed  that  we  have  here  the 
our  terms  of  the  problem  in  Ar/.  365,  three  of  them  in  the 
irst  member,  and  the  fourth,  the  answer  to  the  problem,  in 
he  second  member. 


372* — TrHiiirerrlriir  n  Factor. — Each  of  the  four  (juan- 
ities  in  the  aforesaid  equation  is  termed  a  factor.    Com  pa r- 

ng  the  equation  of  the  last  article  with  that  of  Ar/.  43,  it 
ippears  that  the  two  arc  alike  excepting  that  the  factor  87 
las  been  transferred  fnjm  one  member  of  the  equation  to 
:he  other,  and  that,  whereas  it  was  before  a  divisor,  it  has 
low  become  a  multiplier.  From  this  we  learn  that  a  factor 
may  be  transferred  from  one  member  of  an  equation  to  the 
3ther,  provided  that  in  the  transfer  its  relative  position  to 
the  horizontal  line  above  or  bcknv  it  be  also  changed  ;  that 
is,  if,  before  the  transfer,  it  be  below  the  line,  it  must  be  put 
above  the  line  in  the  other  member;  or,  if  above  the  line,  it 
must  be  put  below,  in  the  other  member.  For  example:  in 
the  equation  of  the  last  article  let  the  factor  9  be  removed 
to  the  second  member  of  the  equation.  It  stands  as  a  divi- 
sor in  the  first  member  ;  therefore,  by  the  rule,  it  must  appear 
^a  multiplier  after  the  transfer  ;  or — 

45  A  87  =  9x435; 


which  IS  read,  45  times  87  equals  9  times  435.  By  actually 
performing-  the  operations  here  indicated,  we  find  thai  each 
member  gives  the  same  product,  3915:  thus  proving  that 
the  equality  of  the  two  members  was  not  interfered  with 
by  the  transfer. 

373. — Equnlit}'  orProduetR:  McanM  and  Extreme*.— In 

Arf.  366,  the  Umr  factors  are  put  in  the  usual  form  of  four 
proportionals.  A  comparison  of  these  with  the  four  factors 
as  tliey  appear  in  the  etpiation  in  the  last  article,  shows  that 
the  fust  member  contains  the  second  and  third  of  the  four 
proportionals,  and  the  second  member  contains  the  first  ami 
the  fourth  ;  or,  the  first  contains  what  arc  termed  the 
means,  and  the  second,  the  extrctms.  From  this  we  kam 
that  in  any  set  of  four  proportionals,  the  product  of  the 
means  equals  the  product  of  the  extremes.    As  for  example, 

-=  i^;  so,  also,  -  =  i^,  an  equahty  of  ratios:  hence  the 
2  4 

four  factors,  2,  3,  4,  6,  are  four  proportionals,  and  maybe 
put  thus : 

Extreme,  mean,  mean,  extreme. 
2      :      3  :  :  4      -      6 


^ 


and,  as  above  stated,  the  product  of  the  means  (3X4=)1J. 
equals  the  product  of  the  extremes  (2  x  6  =)  12. 

374-.  —  HomoloffouM    Trlanglchi    Proparlioiiaie.  —  The 

discussion  f)f  the  subject  of  Ratios  has  thus  far  been  con- 
fined to  its  relations  with  the  mercantile  problem  of  Afi- 
364,  The  rules  of  proportion  or  the  ctiuality  of  ratio* 
apply  equally  to  quesli<)ns  other  than  those  of  a  mercantile 
character.  They  apply  alike  to  all  t|ucstions  in  which  quan- 
tities of  any  kind  are  comparable.  For  example,  in  geome- 
try, lines,  surfaces,  and  solids  bear  a  certain  fixed  relation  tu 
one  another,  and  are,  therefore,  fit  subjects  for  the  rules  <>l 
proportion.  It  is  shown,  in  Art,  361,  that  the  correspontl- 
m^  sides  of  homolo^^ous  trianiLjIes  are  in  {proportion  to  one 
another.  Hence,  when,  of  two  similar  triangles,  two  cori 
pondinj?  sides  and  one  other  side  are  given,  then  by  tt 
equality  of  ratios  the  side  corresponding  to  this  other  si( 
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*^ay  be  computed.  For  example :  in  two  triangles,  such  as 
■^  C  D  and  EAB  {Fig.  269),  having  their  corresponding 
Singles  equal,  let  the  side  E  C,  in  the  triangle  EC D,  equal  12 
i^eet,  and  the  corresponding  side  E  A/\xi  the  triangle  EA  B, 
equal  16  feet,  and  the  side  ED,  of  triangle  E  C D,  equal  14 
feet.  Now,  having  these  three  sides  given,  how  can  we  find 
the  fourth  ?  Putting  them  in  proportion,  we  have,  as  in 
Art.  36 1— 

CE  '.  AE  :  :  DE  :  BE\ 

and,  substituting  for  the  known  sides,  their  dimensions,  we 
have — 

12  :    16  :   :    14  :  ^/f  ; 

and,  by  Art.  373— 

I2y.  B  E  =  i6x  14. 

Dividing  each  member  by  12,  gives — 

12 

F*erforming  the  multiplication  and  division  indicated,  we 
^lave — 

BE  =  ^'^-=\^\. 
12 

Thus  we  have  the  fourth  side  equal  to  i8|  feet. 

375a — ^Tlie  §teel}-Hrd. — An  example  of  lour  proportion- 
als may  also  be  found  in  the  relation  existing  between  the 
arms  of  a  lever  and  the  weights  suspended  at  their  ends.  A 
familiar  example  of  a  lever  is  seen  in  the  common  steelyard 
used  by  merchants  in  weighing  goods.  This  is  a  bar,  A  B, 
of  steel,  arranged  as  in  Fig.  272,  with  hooks  and  links,  and  a 
suspended  platform  to  carry  R,  the  article  to  be  weighed ; 
and  with  a  weight  P,  suspended  by  a  link  at  B,  from  the  bar 
A  B,  along  which  the  weight  P  is  movable. 

The  entire  load  is  sustained  by  links  attached  to  the  ful- 
crum, or  point  of  suspension  C.  The  apparatus  is  in  equi- 
librium without  R  and  P.    In  weighing  any  article,  /?,  the 
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wciglit  P  is  moved  along  the  bar  B  C  until  the  weight  jusl 
balances  the  juad.  or  until  the  bar  A  B  will  remain  in  a  hori- 
zontal position.     If  the  weight  P  be  too  far  from  the  fulchiol 
C  the  end  of  the  bar  B  will  fall,  but  if  it  be  too  near  it  wiT 


nse. 


376. — Tlie  Lever  Exempltflcct  ||»y  ibe  Steelyard*— T^ 

exemplify  the  principle  of  the  lever,  let  the  bar  A  B  (Fq 

272)  be  balanced  accurately  with  the  scale  platform, 
without  the  weights  7?  and  P.  Then,  placing  the  articled 
upon  the  platform,  move  the  weight  P  along  the  beam  until 
there  is  an  equilibrium.  Suppose  the  distances  A  C  and  /» C 
arc  found  to  be  2  and  40  inches  respectively,  and  suppose- 


Fic.  272. 

the  weight  P  to  equal  5  pounds,  what  at  this  pomt  will  be 
the  weight  of  R'i  By  trial  we  shall  find  that  R  =  100  pounds. 
Again,  if  a  portion  of  R  be  removed,  then  the  weight  /^ 
would  have  to  be  moved  along  the  bar  B  C  to  produce  an 
equilibrium  ;  suppose  it  be  moved  until  its  distance  from  C 
be  found  to  be  20  inches,  then  the  weight  of  R  would  bc 
found  to  be  50  pounds,  or — - 


/?=  50  pounds. 


Again,  suppose  a  part  of  the  weight  taken  from  R  be  re- 
stored, and  the  weight  /*,  on  being  moved  to  a  point  re- 
quired for  equilibrium,  be  found  to  measure  30  inches  from 
C,  then  we  shall  find  that — 

^  =  75  pounds. 


^ 
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US  when — 

o  ^  r.  JOG 

BC  =  AP,  R=ioo;  or, -—=2.5; 

40 

i?C=30,  R=7S;  or, -^=2. 5; 

BC=20,  R  =  So;  or,  ^  =2-5; 

showing  an  equality  of  ratios ;  or,  in  general,  J5C  is  in  pro- 
portion to  R,  or —  g 

BC  :  R. 

If,  instead  of  moving  /* along  B.C,  its  position  be  permanent, 
and  the  weight  P  be  reduced  as  needed  to  produce  equilib- 
rium with  the  various  articles,  R,  which  in  turn  may  be 
put  upon  the  scale ;  then  we  shall  find  that  if  when  the 
weight  /'equals  5  pounds  the  articled?  equals  100, and  there 
is  an  equilibrium,  then  when — 

P=-rz  X  5  =  4-  5f  R  will  equal  —  x  100  =  go; 
10  10 

8  8 

P  =  --x$  =  4,  R  will  equal  —  x  100  =  80; 
10  ^10 

7  7 

P=  —  X  5  =  3 . 5,  R  will  equal  ^  x  100  =  70 ; 

and  so  on  for  other  proporlionsi  and  in  every  case  we  shall 

R 
have  the  ratio  -p  equal  20,  thus — 


R 

90 

=  20 

P 

4-5' 

R 

80 

P 

4 

20; 

R 

70 

P 

^" 

3-5" 

=  20. 

374  RATIO,  OR  PROPORTION. 

Thus  we    have  an  equality  of  ratios   in  comparii^  the 
weights. 

Again,  if  the  weight  P  and  the  article  R  be  permanent  in 
weight,  and  the  distances  A  C^  B  C  h^  made  to  vary,  then  if 
there  be  an  equilibrium  when  A  C  is  2  and  BC  is 40,  we 
shall  find  that  when — 

8  8 

A  C=  —  xz=ii'6;  BC  will  equal  —  x  40  =  32 , 

AC  =  —-  x2=:i.2;  B  C  will  equal  —  x  40  =  24; 
10  •  ^       10      ^^       ^' 

4  4 

AC  =^  --—  X  2  =  o-  8 ;  BC  will  equal  -^  x  40  =  16 ; 
10  ^10 

and  so  on  for  other  proportions,  and  in  every  case  we  shall 

B  C 
have  the  ratio  -j-vr  =  20 ;  thus — 

B  C       32 

-r-r-  —  ---^  =  20; 
A  C       1-6 


BC 
AC 

24 

1-2 

=  20; 

BC 
AC- 

16 
0-8 

=  20; 

producing  thus  an  equality  of  ratios  in  comparing  the  arms 
of  the  lever.  From  these  experiments  wc  have  found,  in 
comparing  the  articie  weighed  with  an  arm  of  the  lever,  the 
constant  ratio  B  C  :  R,  and  when  comparing  the  weights 
wc  have  found  the  constant  ratio  P  :  P.  Again,  in  com- 
paring the  arms  of  the  lever,  we  find  the  constant  ratio 
A  C  :  B  C.  Putting  two  of  these  couples  in  proportion,  we 
have — 

AC  :  BC  :  :  P  :  P. 

Hence  {Art.  373)  we  have — 

ACxP  =  BCxP. 


PRINCIPLE  OF  THE  LEVER  DEMONSTRATED. 

I^ividing  both  members  by  A  C,  we  have — 


375 


R  = 


A  C 


'n  a  steelyard  the  short  arm,  A  C,  and  the  weight,  or  poise, 
^,  are  unvarying  ;  therefore  we  have — 

P 
R  =  B  Cx  -,-7=.; 
A  C 

Or,  when     .  ^   is  constant,  we  have — 

R'.  B  C. 

377. — The  lieTcr  Principle  Demonstrated. — The  rela- 
tion between  the  weights  and  their  arms  of  leverage  may  be 
demonstrated  as  follows :  * 

A  J  M       0  L  B 


G)fr 


G 


1--Q 


Fk;.  273. 

Let  A  B  G H,  Fig,  273,  represent  a  beam  of  homogeneous 
material,  of  equal  sectional  area  throughout,  and  suspended 
upon  an  axle  or  pin  at  C,  its  centre.  This  beam  is  evidently 
in  a  state  of  equilibrium.  Of  the  part  of  the  beam  A  DG  K, 
let  E  be  the  centre  of  gravity ;  and  of  the  remaining  part, 
D  B  KH,  let  F  be  the  centre  of  gravity. 

If  the  weight  of  the  material  \x\  A  D  G KhQ  concentrated 
at  E,  its  centre  of  gravity,  and  the  weight  of  the  material  in 


'"^e  principle  upon  which  this  demonstration  is  based  may  be  found  in  an 
article  written  by  the  author  and  published  in  iht  Matketnatical M(mthfy,  Cam- 
bridge, U.  S.,  for  1858,  p.  77. 
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DBKH   be  concentrated   in  I\  its  centre   of  gravity,  the 
state  of  cc]uilibrium  will  not  be  interfered  with.     Thcrdotc 
let  the  ball  7v  be  equal  in  weight  to  the  part  v^ /^CA",  and 
the  ball  P  cqu:il  to  the  weight  of  the  part  D  BKH\  and  let 
these  two  balls  be  connected  by  the  rod  E  F.     Then  ihest 
two  balls  and  rod,  supported  at  C  will   evidently  be  in  a 
state  of  eqiiilibnum  (the  rod  EF  being  supposed  to  be  with- 
out weight). 

Now,  it  is  proposed  to  show  that  R  is  to  P  as  CF  is  to 
C E.  This  can  be  proved  ;  for,  since  A*  equals  the  area 
A  D  G K  and  P  equals  the  area  DBKH,  therefore  R  is  in 
proportion  to  A  D,  as  P  is  to  D B  [Art.  359) ;  or,  taking  the 
halves  of  these  lines,  R  is  in  proportion  \.o  A  y^  as /'is  to 
LB. 

Also,  y  L  equals  half  the  length  of  the  beam  ;  for  yD  is 
the  half  of  A  Z>,  and  D  L  is  the  half  of  DB;  thus  these  two 
parts  (7 D  H-  D L)  equal  the  half  of  the  two  parts  {A  D+DE)\ 
or,  J L  equals  the  half  of  A  B\  or,  we  have — 


yn  = 


AD 


DL 


DB 


Adding  these  two  equations  together,  we  have — 
yD  +  DL  =  --^---^ . 


Now,  yD-^DL  =  yL,  and  AD  +  DB  =  A  B-    therefore. 

Thus  wc  have  A  Af  =:  y L.  From  each  of  these  equals 
take  y  M^  common  to  both,  then  the  remainders,  A  y  and 
J/Z,,  will  be  equal ;  therefore.  Ay  =  C  F. 

We  have  also  MB  =  y L.  From  each  of  these  equals 
take  J/Z,  common  to  both,  and  the  remainders,  yj/  and 
LB,  will  be  equal;  therefore,  LB  =  EC.  As  Avas  above 
shown — 

R  :  Ay  '.:  P  :  LB, 


TO  FIND  A  FOURTH   PROPORTIONAL.  377 

Substituting  for  A  J  and  L  B  their  values,  as  just  found, 
5  have — 

R\  CF  '.'.  P  '.  EC; 

om  which  we  have  {Art.  373) — 

Px  CF=RxEC. 

.^hus  it  is  demonstrated  that  the  product  of  one  weight  into 
hs  arm  of  leverage,  is  equal  to  the  product  of  the  other 
v^eight  into  its  arm  of  leverage :    a  proposition   which    is 
cnown  as  the  law  of  the  lever. 

378. — Anjr  One  of  Four  ProportlonalM  may  be  Found. 

Any  three  of  four  proportionals  being  given,  the  fourth 

may  be  found;  for  either  one  of  the  four  factors  may  be 
made  to  stand  alone ;  thus,  taking  the  equation  of  the  last 
article,  if  we  divide  both  members  by  CF  {Art.  371),  we 
have — 

Px  CF_R  X  EC 
CF     ~      CF    ' 

In  the  first  member  C F,  in  both  numerator  and  denominator, 
cancel  each  other  {Art.  371),  therefore — 

p_R^C 
CF     • 

so  likewise  we  may  obtain — 


SECTION    VIIL— FRACTIONS. 

379. — A  Fraction  Dcflned. — As  a  fracture  isabreatjOf 

Hivision  into  parts,  so  a  Iraction  is  Hterally  a  piece  brokeimff;^ 

a  part  of  the  whole.  ^M 

The  figures  which  are  generally  used  to  express  a  frac- 
tion show  what  p<vrtton  of  the  whole,  or  of  an  integer,  the 
fraction  is :  for  example,  let  the  line  A  B,  {fig-  274),  be  divided 
into  five  equal  parts,  then  the  line  A  C,  containing  three 
those  parts,  will  be  three  fifths  of  the  whole  line  A  ^5,  an 

may  be  expressed  by  the   figures  3  and   5,  placed  thus, 

w  hich  is  known  as  a  fraction  and  is  read.  ///r<r  fifths.  Thf 
number  5  IhIoh'  the  line  denotes  the  number  of  parts  into 
which  an  integer  or  unit,  A  />,  is  supposed  to  be  divided"  it 


' T- 


X 


E      C 

Fig,  274. 


B 


imbcrfl 


is  therefore  called  the  tictwwinator,:xnA  expresses  th'^d 
ination  or  kind,  whether  fifths,  sixths,  ninths,  or  any  nu 
into  which  a  unit  is  supposed  to  be  divided.     The  number 
3  abf>ve  the  line,  denoting  the  number  of  parts  contained  i 
the   fraction,  is   termed    the   numerator^  and    expresses  tl 
number  of  parts  taken,  as  2,  3,  4,  or  any  other  number. 


1 


380. — CirAptilc'til  Rcprcftf'niallon  or  Fracilonn :  Einrrt 
of  nultlplic'iiiion.  in  A/^.  z-j^,  let  the  line  A  B  be  di- 
vided into  three  equal  parts;  the  line  CD  into  six  equal 
parts;  the  line  RF  into  nine  equal  parts;  the  line  C // wlo 
twelve  equal  parts,  and  the  line  7 A'  into  fifteen  equal  parts^ 
The  lines  A  B,  CD,  £  F,  G  H,  and  yA',  being  all  of  eqi 
length. 


FRACTIONS  ILLUSTRATED. 


379 


Then  the  parts  of  these  lines,  A  L,  CM,  EN,  etc.,  may 

*^^   expressed  respectively  by  the  fractions  -,  -,  -.    -  and  --. 
*'  ^  '    ^  3' 6' 9   12  15 

^•^    each  case  the  figure  below  the  line,  as,  3,  6,  9,  12,  or  15, 

^^ presses  the  number  of  parts  into  which  the  whole  is  di- 

"^ided,  arid  the  figure  above  the  line,  as  1,2,  3,  4,  or  5,  the 


r    r 


\     v 
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*^umber  of  the  parts  taken ;  and,  as  the  hnes  A  Z,  CM,  E Nj 
^tc,  are  all  equal  to  each  other,  therefore  these  fractions  are 
^l  equal  to  each  other.  If  the  numerator  and  denominator 
of  the  first  fraction  be  each  multiplied  by  2,  the  products 
Arill  equal  the  numerator  and  denominator  of  the  second 
fraction;  thus — 

I  X  2  =  2 
3x2  =  6' 


so,  also, 

and 

and 


1  "^  3  =  _3  . 
3x3  =  9' 

ix  4  =  _4 
3  x4=  12 

I  X  5  =  j^ 
3x5  =  15' 


Thus  it  is  shown  that  when  the  numerator  and  denomi- 
nator of  a  fraction  are  each  multiplied  by  the  same  factor, 
the  product  forms  a  new  fraction  which  is  of  equal  value 
with  the  original. 

2     X      A.       ^ 

In  like  manner  we  have,  -,  — ,  -^,  - -,  etc.,  each  equal  to 

8   12   16  20  ^ 

one  fourth ;  and  which  may  be  found  by  multiplying  the 

numerator  and  denominator  of  -  successively  by  2, 3, 4, 5,  etc. 

4 
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38lt. — Form  or  Fraelloii  Clianirpd  by  DiTlftion. — By  an 

operution  tlu"  reverse  of  tliat  in  the  last  arlicle.  we  may  re- 
duce several  equal  fractions  to  tyfie  of  equal  value.  Thus,  if 
in  each  we  divide  the  numerator  and  denominator  by  the 
same  number,  we  reduce  it  to  a  fraction  of  equal  value,  but 
with  smaller  factors. 

For  example,  taking  the  fractious  of  the  last  article,  \,  \, 
-j*^,  f8|r,  let  each  be  divided  by  a  number  which  will  divide 
both  numerator  and  denominator  without  a  remainder.* 


Thus, 


2  -i-2  =    I 

6-J-2  -  3' 

9-^3  =  3 

12 --4  =  7 

5-^5-  I 
15^3  =  3 

As  these  fractions  are  shown  {Art  380")  to  be  equal,  ar 
as  the  operation  of  dividing  each  factor  by  a  common  num- 
ber produces  quotients  which  in  each  case  form  the  sainC 
fraction,  ,J.  we  therefore  conclude  that  the  numerator  and 
denominator  of  a  fraction  ma\'  be  divided  by  a  commoQ 
number  without  changing  the  value  of  the  fraction. 

382. — lnti>ro|»i'r  FrucilonN. — The  fractions   J,  y,  j,  CtCi 
all  fractions  which  have  the  numerator  larger  than  the  de^i 
nominator  are  termed  impropir  fractions,     Thev  arr  not  im* 
proper  arithmeticallv,  but  they  are  so  named  because  it  isai 
improper  use  of  language  to  call  that  a/rtf/  which  is  great 
than  the  whole. 

As  expressions  of  this  kind,  however,  are  subject  to  the 
same  rules  as  those  which  are  fractions  proper,  it  is  custoi 
ary  to  include  them  all  under  the  technical  term  of  />/?«-/* 
Expressions  like  these — -all  expressions  in  which  oncnunn 
is  separated  by  a  horizontal  line  from  another  number  below 
it.  or  one  set  of  numbers  is  thus  separated  from  another  sCl 
below  it — may  be  called  fractions,  and  are  always  to  be  u 
derstood  as  indicating  division,  or  that  the  quantity  abov 
the  line  is  to  be  divided  b}-^  the  quantity  below  the  lin 


abe^H 
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r»*_         O    17    24    l>f  8x4    17x82  ..   t  .     L 

*  Hus,  -«  -A  — ^. ~t  — 1  etc.,  are  all  fractions,  tech- 

ticaily,  ah  hough  each  may  be  greater  than  unity.  And  it  is 
JricJerstood  in  each  case  that  the  operation  of  division  is  re- 

It^ircd.  Thus,  5  ^  3.  £1  =  g  illjli^  ^  ^^     when  the  divis- 

^'^n  cannot  be  made  without  a  remainder,  then  the  fraction, 
^>"  cutting  the  numerator  into  two,  may  be  separated  into  two 
^«krts,  one  of  which  may  be  exactly  divided,  and  the  other 

ill  be  a  fraction  proper.     Thus,  the  fraction  —  is  equal  to 


^  +-  (lor  15^2—  17);  and   since  ^   equals   3,  therefore. 


5 


•  7152  22 

— —  =  — -»--  =  3  -f -=  3-.     So,  likewise,  the  fraction 
5         5      S  5        5 

17x82^  1394  _  137S      19   ^  jj^J9__,j  J9_ 
125         125         125      125  125  125' 

383. — R('dU4*ilon  of  mixed  Wiimbcr*  to  FrHCtlons. —  By 

^n  operation  the  reverse  ot  that  in  the  last  article,  a  given 
mixed  number  (a  whole  number  and  fraction)  can  be  put 
into  the  form  of  an  improper  fraction. 

This  is  done  by  multiplying  the  whole  number  by  the  de- 
nominator of  the  fraction,  the  product  being  the  numerator 
of  a  fraction  equal  in  value  to  the  whole  number  ;  the  de- 
nominator of  this  fraction  being  the  same  as  that  of  the  given 
fraction.  The  immenitorof  this  fraction  being  added  to  the 
numerator  of  the  given  fraction,  the  sum  will  be  the  numera- 
tor of  the  required  improper  fraction,  the  denominator  of 
which  is  the  sjmie  as  that  of  the  given  fraction.  For  example, 
the  required  numerator  for — 

2i,  is  2  X  3  ^  I  =  7.  So  2^  =  |. 
2j,  is  2  X  4  +  I  =  9,  So  2^  =  |. 
3f  is  3  ><  5  ^  2  =  I/-  So  3|  =  'i- 

3S4-* — OlvUlon  Indlrnii'd  by  the  Fiic*l«>r*  piil  an  n  Fr«c« 

tloB.— Factors  placed  in  the  form  of  a  fraction  as  -,  -,  ——or 

5  3    75 


riM 
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820 

—  indicate  division  (Ari.  382) :  the  denominator  (the  fac- 
4' 

tor  below   the  line)  being-  the  divisor,  and   the  numerator 

(the  factor  above  the  line)  the  dividend,  while  the  value  ot 

820 
the  fraction  is  the  quotient.     Thus  of  the  fraction,  -^  =  2a 

41  is  the  divisor,  820  the  dividend,  and  20  the  quotient 
From  this  we  iearn  that  division  may  always  be  indicated 
by  placin^^  the  factors  in  the  form  of  a  fraction,  so  that  the 
divisor  shall  form  the  denominator  and  the  dividend  the  nu- 
merator. 

385.  —  Ad<ll1ion  of  FrMcllonii  liu%ln{i:   Like   Denonlna* 

I  2 

ton. — Let  it  be  required  to  add  the  fractions  -  and  -.     Dv 

5  5 

referring;  to  Ari.  379  we  see  that  A  D  {Fig.  274),  is  one  of  the 
five  parts  into  which  the  whole  line  .-/  B  is  divided :  it  \% 

therefore,  -.     We  also  see  that  Z?C  contains  two  of  the  five 

parts;  it  is,  therefore,  -.     We  also  see  that  AD^  PC=AC, 

which  contains  three  of  the  five  i>arts,  or  A  C  =  -  oi  A  If- 

5 

We  therefore  conclude  that  -+-  =  —.     In  this  operation 

5       5       3 
is  seen  that  the  denominator  is  not  changed,  and  that  tl 
resultant  iVaction  has  for  a  numerator  a  number  equal  tothi 
sum  of  the  numerators  uf  the  fractions  whicli  were  required 
to  be  added. 

By  this  it  is  shown   that  to  ar/i^  fractions  we  simply  tn, 
the  sum  of  the  numerators  for  the  nnv  numerator,  making  ti 
denominator  of  the  resultant  fraction  the  same  as  tlmt  of  the 
fractions  to  be  added.     For  example:  What  is  the  sum  of  the 

\    X  4 

fractions  -,  -  and  -?     Here   we  have   1  +  ^  +  4=8  for  the 

9  9  9 
numerator,  therefore — 


I 

J 


1.1  +  4  =  1 

9     9      9       9 


SUBTRACTION  AND  ADDITION  OF  FRACTIONS.  383 

386a — SiAtraetion  of  Fractions  of  Uke  Denominators.— 

ubtraction  is  the  reverse  of  addition ;   therefore,  to  sub- 

ract  fractions  a  reverse  operation  is  required  to  that  had  in 

16  process  of  addition  ;  or  simply  to  subtract  instead  of 

dding. 

2  3 

For  example,  if  -  be  required  to  be  subtracted  from  — 

re  have — 

l_i  =  i 
5     5      5 

\y  reference  to  Fig:  274  an  exemplification  of  this  will  be 

32  I 

een  where  we  have  A  C  =  -,  A  B  =  -,  and  £  C  =  -,  and 

re  have — 

AC-A£  =  £C. 
3  _  2  _i 

5  5  ~  5* 

We  therefore  have  this  rule  for  the  substraction  of  frac- 
ions :  Subtract  t  lie  less  from  the  greater  numerator  ;  tlie  remain- 
der will  be  the  numerator  of  the  required  fraction.  The  denom- 
nator  to  be  tlie  same  as  that  of  the  given  fractions. 

387. — DiMimilar  Denominators  Equalized. — The  rules 

ust  g^ven  for  the  addition  and  subtraction  of  fractions  re- 

[uire    that   the    given    fractions   have   like    denominators. 

Vhen  the  denominators  are  urjlike  it  is  required,  before  add- 

tig  or  substracting,  that  the  fractions  be  modified  so  as  to 

aake  the  denominators  equal.     For  example :  Let  it  be  re- 

2  2 

luired  to  find  the  sum  of  —  and  -.      By  reference  to  Fig. 
'  -39 

2  6 

75,  we  find  that  —  on  line  ^  ^  is  equal  to  -  on   line   F  F. 

i'hese  being  equal,  we  may   therefore  substitute  -  for  -. 
.'hen  we  have — 

6  2  _  8 
9  "^  9  ~  "9 


384 


FRACTIONS. 


2     ,  .         2x3 

tion  -   by  3^  for  ^  ^ 
3 


Now,    it  will  be  seen  that  the  fraction  -  may  be  had  by  mul 

tiplying^  b<jth  numerator  and  denorainator  of  the  given  (ra 

6 
3  >:  3  =  9 

and  vvc  have  seen  {Ar/.  380)  that  this  operation  does  not 
change  the  value  of  the  fraction.  From  this  we  learn  that 
t/ic  (icnotHtnators  may  be  made  equal  by  multiplying  the  smallrr 
dettominator  and  its  numerator  by  any  number  which  will  effnt 
such  a  result. 

1757 
For  example  :  7  "*"  T7  ~  T7  + 


•5 


5"  '5 


and 


and 


2       7   _  14       7   _  21 


16  16   ^ 


i6' 


In  this  example  the  second  fraction  is  changed  by  muhiplv- 
ingby  i^. 

388« — Reduction  of  FractlonN  l&  llioir  Lowe«t  Tenn»<— 

The  process  resorted  to  iii  the  last  article  to  equalize  the 
denominators,  is  not  always  successful.  What  is  needed  for 
a  common  denominator  is  to  find  the  smallest  number 
which  shall  be  divisible  by  each  of  the  given  denominators. 
Before  seeking  this  number,  let  each  given  fraction  be 
reduced  to  its  lowest  terms,  by  dividing  each  factor  by » 

common  number.    For  example :  --  may,  by  dividing  by  5- 


I 


be  reduced  tu  -,  which  is  its  equivalent 

viding  by  7,  is  reduced  to  -,  its  lowest  terms. 

4 


2\ 


So,  also,  ^,  by  di 


'^ 


389. — Least  C'omition   Do  it  am  1 11  at  or. —  To  find  the  h 

common  denominator,  place  the  several  fractions  in  the  ordef 
of  their  denominators,  increasing  toward  the  right.  If  the 
largest  denominator  be  not  divisible  by  each  of  the  others. 
double  it;  if  the  division  cannot  now  be  performed,  treble 


LEAST  COMMON   DENOMINATOR. 


proceed  until  it  is  muUiplicrl  by  some  number 
phich  will  make  it  divisible  by  each  of  the  other  denomina- 
ors.  This  number  multtplud  by  the  largest  denominator  'will  be 
ke  least  common  denominator.  To  raise  the  denominator  of 
tach  fraction  to  this,  divide  the  common  denominator  by  the  de. 
\ontinator  of  one  of  the  fractions^  the  ciuotieiit  will  be  the 
lumber  by  which  that  fraction  is  to  be  multiplied,  both 
lumerator  and  denominator,  and  so  proceed  with  each  frac- 
ion.     For   example:     What   is   the   sum    uf    the    fractions 

One  of  these,  — .  may   be  reduced,  bv  divid- 
12  -  ^ 


ng  by  2,  to  ^.     Therefore,  the  series  is  -, 


On  trial 


*     3     lo     7;, 
8'   4'   12*    8* 

_  i  Z 

4'  6'  8" 

ve  find  that  8,  the  largest  denominator,  is  divisible  by  the 
irst  and  by  the  second,  but  not  by  the  third,  therefore  the 
argcst  denf)minator  is  to  be  doubled!:  2x8=  l6.  This  is 
lot  yet  divisible  by  the  third  ;  therefore  3  <  8  =  24.  This 
low  is  divisible  by  the  third  as  well  as  by  the  first  and  the 
jecond  ;  24  is  therefore  the  least  common  denominat<M*. 

Now  dividing  24  by  21  the  first  denominator,  the  quotient 
12   is  the  factor  by  which  the  terms  of  the  first  fraction  are 


to  be  raised,  or,  - 


X  12  =  12 
X  12  =  24 


For   the   second    we   have 
For  the  third  we  have  24  -i-  6  = 

for    the     fourth,    24-4-8  ^  3.    and 
Thus  the  fractions  in  their  reduced  form  are: 


-3x6=18 
24  -i-  4  =  6,  and  -  ^  — 
^      ^  4  X  6  -  24 

,    5  X  4  =  20  . 

1,   and    -2.  —  ;   and 

''  6  X  4  -  24 


12       18 

—  +  —  + 
24      24 


20 


21 

24 


71  =  2^ 

24        24' 


^x3=£i 
8  X  3  =  24' 

41 

390. — Leatit  Common  Denomineior  AfUBin. — When  the 

denominators  are  not  lii visible  by  one  another,  then  to  ob- 
tain a  common  denominator,  it  is  requisite  to  multiply  to- 
Xether  all  of  the  denominators  which  will  not  divide  any  of  the 
Uher  denominators.     For  example:     What  is  the  sum  uf  the 

i        ■  123         ,4^ 

tractions  -,  -,  -,  and  -? 


FRACTIONS. 


Ill  this  case  the  first  denominator  will  divide  the  bst,  but 
the  olbcrs  are  prime  to  each  other.  Therelore.  for  the 
common  denominator,  multiply  together  all  but  the  first; 
or — 

5x7x9  =  315  the  common  denominator ; 
and — 

315  -u  3  =  105,  common  factor  for  the  first  fraction; 
315-7-5  =  6},    common  factor  for  the  second  fraction; 
315  -±-  7  =:  45,    common  factor  for  the  third : 
315-5-9  =  35,    common  factor  for  the  fourth. 

And,  then — 

J  X  105  =  105      2  X  63  =  2^26    J  X  45  -  135     4  X  35  =  MO 
3x105  =  313'    5 '^  63  =315'   7  ^45  =  3'5'  9"  35  =  3'3' 


315      315      3»5'^3>5 


506        191 
- —  =  1  -^  . 
3«5        315 


391. — FractioiiM  Mutiiplicd  CSruptiic-ally.— Let   ABCl 
{Ft'j^.  276)  l)e  a  rectanijlc  of  equal  sides,  or  A  B  equal  A 
and  each  equal  one  foot.     Then  A  B  multiplied  by  A  C  wrt 


equal  tho  area  A  BCD,  or  1  x  i  rr  i  square  foot.  Let  the 
line  E  Fhc  parallel  with  A  B,  and  midway  between  A  B  and 
CD.  Then  A  B  y^  A  E  equals  half  the  area  of  A  BCD,ot 
I  X  ^  =  ^.  Again  \  \ct  G  H  be  parallel  with  E  C^  and  mid- 
way between  E  C  and  ED.  Then  EG  y.  EC  ^\'vi\  cqualj 
the  area  E  G  C H,  which  is  equal  to  a  quarter  of  the  an* 


MULTIPLICATION  OF  FRACTIONS. 


387 


A  B  CD;  or  i  x  ^  =  J;  which  is  a  quarter  of  the  superficial 
area. 

The  product  here  obtained  is  less  than  either  of  the 
factors  producing  it.  It  must  be  remembered,  however, 
that  while  the  factors  represent  lines,  the  prgduct  represents 
superficial  area.  The  correctness  of  the  result  may  be 
recognized  by  an  inspection  of  the  diagram. 

392. — Fractions  Mnltlplled  Graphically.  —  In  Fig.  277 
let  A  B  equal  8  feet  and  A  C  equal  5  feet ;  then  the  rect- 


F 

A 

Ci 

Fig.  277. 

angle  A  B  CD  contains  5  x  8  =  40  feet.     The  interior  lines 
divide  the   space   included   within   A  B  C D  yc\\.o  40  equal 

squares  of  one  foot  each.     Let  A  E  equal  3  feet  or  ^  of  -<4  C. 

7 
Let  A  G  equal  7  leet  or  ^  of  ^  B.    Then  the  rectangle 

o 

X       7  21 

E  FA  G  contains  --  x  ~  =  -  -,  or  twentv-one  fortieths  of  the 
5      8        40' 

whole  area  ABC D.   Thus,  while  the  factor  fractions  -  and  ~ 

5  o 

21 
represent  lines,  it  is  shown  that  the  product  fraction  —  rei>- 


40 


21 


^  I 

resents  surface.    Thus  —  is  a  fraction,  E  FA  G,  of  the  whole 

40 

surface,  CDAB. 

393a — Bale  for  Hatlpllcatlon  of  Fraction!,  and  ExaM- 
pto. — In  the  example  given  in  the  last  article  it  will  be  ob- 


388 


FRACTIONS 


served  that  the  product  of  the  denominators  of  the  two 
given  fractions  equals  the  area  of  ihe  whole  figure  {A  B  CD), 
while  the  pniduct  of  the  numerators  equals  the  area  of  the 
rect^ngle  [E  F A  G),  the  sides  of  which  arc  equal  respec- 
tively to  the  given  fractions.  From  this  we  obtain  for  the 
product  effractions  this — 

Rule. — Multiply  together  the  denominators  for  the  new  de^ 
nominator,  and  the  numerators  for  a  new  numerator. 

For  example :  what  is  the  product  of  -^  and  ^  ?    Here 

we  have  20'>'2i  =420  for  the  new  denominator,  and 
7  X  13  =  91  for  the  new  numerator  :  therefore  the  produa 
of— 


13 

21 


_7 
20 


420 


or,  of  a  rectangular  area  divided  one  way  into  20  parts 
the  other  way  into  21  parts,  thus  containing  420  rcctang 

the  product  of  the  two  fractions  —  and  -^  is  equal  to  9I 
these  rectangles,  or  — --  of  the  whole, 

394* — FraclfonH  DlTidcd  Grnplitciilly, —  Division  is  the 
reverse  of  multiplication ;  or,  while  multiplication  requires 
the  product  of  two  given  factors,  division  requires  one  of 
the  factors  when  the  other  and  the  product  arc  given.  Or 
(referring  to  Fig.  277)  in  division  we  have  the  area  of  the 
rectangle,  EFA  C,  and  one  side,  EAy  given,  to  find  the 
other  side,  A  G. 

Now  it  is  required  to  find  the  number  of  times  EA  is 
contained  in  EFA  G.  By  inspection  of  the  figure  we  per- 
ceive the  answer  to  be,  A  G  times;  for  E  A  x  A  G  =  E  FA  G, 


the  given  area. 


21 


Or,  when  E  A  EG  is  given  as  -^  and  E  A 
6  40 


as  -,  we  have  as  the  given  problem — 

21   ^  A 

40    •    5* 


DIVISION  OF  FRACTIONS.  389 

Since  division  is  the  reverse  of  multiplication,  instead  of 
multiplying  we  divide  the  factors,  and  have — 

40 -r-  5       8' 

Thus,  to  divide  one  fraction  by  another,  for  the  numerator  of 
the  required  factor,  divide  the  numerator  of  the  product  by  the 
numerator  of  tlie  given  factor^  and  for  the  denominator  of  the 
required  factor  divide  the  denominator  of  the  product  by  the 
denominator  of  the  given  factor.    For  example : 

10        2  5 

,      Divide  -jr-  by  -.     Answer,  -. 
63    -^  9  '7 

28  A.  7 

Divide  —  by  -.    Answer,  — . 
27    -^  9  3 

t 
395. — Role  for  Division  of  Fractions. — The   rule  just 

given  does  not  work  well  when  the  factors  are  not  commen- 

5         2 
surable.     For  example,  if  it  be  required  to  divide  -  by  —  we 

have  by  the  above  rule — 

5. 

7-^9  ~y* 
9 

Producing  fractional  numerators  and  denominators  for  the 
resulting  fraction,  which  require  modification  in  order  to 
reach  those  composed  only  of  whole  numbers.  If  the  nu- 
merators, 5  and  7,  of  this  compound  fraction  be  multiplied 
by  9  (the  denominator  of  the  denominator  fraction),  or  the 
compound  fraction  by  9,  we  shall  have — 

2  2 

-J-X9 


7       "       7x9 


390  FRACTIONS. 

And,  if  these  be  again  multiplied  by  2  (the  denominator  d 
the  numerator  fraction),  we  shall  have — 


5x9 

2 

y  ?  — : 

5x9x2 

2 

7x9 

7x9x2 

9  9 

Like  figures  above  and  below  in  each  fraction  cancel  each 
other  {Ar/.  371),  therefore,  the  result  reduces  to— 

5  x9 

7x2' 

in  which  we  find  the  factors  of  the  two  original  fractions. 
In  one  fraction  -  we  have  the  factors  in  position  as  given, 

2 
but  in  the  other  —  they  are  inverted.    The  fraction  in  which 

9       ^ 
•  the  factors  are  inverted  is  the  divisor.     Hence,  for  division 
of  fractions,  we  have  this — 

Rule. — Invert  the  factors  of  the  divisor^  and  t/itn,  as  in 
multiplication,  multiply  the  numerators  together  for  the  numera- 
tor of  the  required  fraction,  and  the  denominators  for  tJie  de- 
nominator of  the  required  fraction. 

5  .   .  2 

Thus,  as  before,  if  --  is  required  to  be  divided  by  -,  we 

have — 

5^x9  _  45 
7x2        14 

23        7 
And,  to  divide  — ^  by  -,  we  have — 
47     ^  9 

23  X  9  _  207 
I7  X  7  ~  329 

2C  8 

Again,  to  divide  —  by  -,  we  have — 


25  X  9  _  225  _   25  _ 

5 

45  X  8  ~  360  —  40  ~ 

8* 

CANCELLING  IN  ALGEBRA.  39I 

This  last  example  has  two  factors,  9  and  45,  one  of  which 

25 
measures  the  other ;  also,  the  first  fraction  — ^  is  not  in  its 

45 

lowest  terms;  when  reduced  it  is  -.    The  question,  there- 
fore, may  be  stated  thus : 

5  ^9  _  5 
"9  X  8  ~  8  ' 

for  the  two  9's  cancel  each  other. 


SECTION  IX.— ALGEBRA. 

396. — Algc'tora  I>olified.— Il    occurs    sometimes    that  a 
student    familial-   only    with    computation    by    numerals  is 
needlessly  puzzled,  in  ajiproaching^  ihe  subject  of  Algebra, 
to  comprehend  how  it  is  possible  tomuttiplv  /efUrs  XogciheT, 
or  to  divide  them.     To  remove  tliis  difliculiy,  it  may  be  suf- 
ficient for  them  to  learn   that  their  perplexity  arises  from  a 
misunderstandings   in  supposing    the  letters  themselves  art 
ever  multiplied  or  divided.     It  is  true  that  in  treatises  on 
the  subject  it  is  usual  to  speak  as  though  these  operations 
were  actually  performed  upon  the  letters.     It  is  always  un- 
derstood, however,  that  it  is  not  the  letters,  but  the  //wr/w- 
tities  represented  by  the  letters,  which  are  to  be  multiphcd 
or  divided. 

Fur  example,  in  Art.  361  it  is  shown,  in  comparing  similar 
sides  of  homologous  triangles,  that  the  bases  of  the  two  tri- 
angles are  to  each  other  as  the  corresponding  sides,  or, 
referring  to  Fig.  269,  we  have  C E  i  A  E  :  :  D  E  :  B  E. 
Now,  let  the  two  bases  C  E  and  A  E  ho  represented  respec- 
tively by  a  and  /^  and  the  two  corresponding  sides  D  EsLitA 
B  E  hy  c  and  d  respectively  ;  or,  for — 


CE  :  AE 


put — 


and,  by  Ar/.  373,  we  have — 

^  X  r  =  A  X  df, 

which  may  be  written — 

for  X,  the  sign  for  multiplication,  is  not  needed  between  let-"" 
ters,  as  it  is  between  numeral  factors.     The  operation  oL^ 


APPLICATION  OF  ALGEBRA. 


"^^^tiplication  is  always  understood  when  letters  are  placed 
^^^e  by  side. 

Now,  here  we  have  an  equation  in  which,  as  usually  read, 
^''e  have  the  product  of  b  and  c  equal  to.  the  product  of  a 
'^HtJ  d.  But  the  meaning  is  that  ihc  product  of  t\\<i  qua  nit  ties 
'"epresented  by  b  and  c  is  equal  to  the  product  of  the  quan- 
tilifs  represeuted  by  a  and  tf,  and  that  this  equation  is  in- 
fended  to  represent  the  relation  subsisting  betweeu  the  four 
proportionals,  C E,  A  E,  D  E,  and  BE,  o{ Eig,  269.  In  order 
to  secure  greater  conciseness  and  clearness,  the  four  small 
letters  are  substituted  for  the  four  pair  of  capital  letters, 
which  are  used  to  indicate  the  lines  of  the  figures  refcircd  to. 

I  397. — Example:  Appltcntion. — It  was  shown  in  the  last 

article  that  the  four  tetters  a,  d,  c,  and  d  represent  the  cor- 
responding sides  of  the  two  triangles  of  /Vjg-.  269,  and  that — 

^How.  let  each  member  of  this  equation  be  divided  by  ri,  then 
Kr/.  371)— 

I  '--. 

If  now  the  dimensions  of  the  three  sides  represented  by  a, 
^Kj  and  c  are  known,  and  it  is  required  to  ascertain  from  these 
^^he  length  of  the  side  represented  by  (f,  let  the  three  given 

dimensions  be  severally  substituted    for  the   letters  repre- 

tnting  them.     For  example,  let  «  =  40  feet ;  ^  =  52  feet, 
id  f  =  45  feet ;  then — 
1 


b  c  ^=^ad. 


^^^^  52x45 
a  40 


2340 
-- -  =  58.5  feet. 
40        ^     * 


he  quantities  being  here  substituted  for  ti\e  letters;  we  have 
but  to  perform  the  arithmetical  processes  indicated  to  obtain 
e  arithmetical  value  of  d.  Frr-m  this  example  it  is  seen 
hat  before  any  practical  use  can  be  made  of  an  algebraical 
formula  in  computing  dimensions,  it  is  requisite  to  substitute 
numerals  for  the  letters  and  actually  perform  arithmetically 
such  operations  as  are  only  indicated  by  the  letters. 


394 


ALGEBRA. 


398, — Alfirel>ra    UiiefVil   in    CoimtmctinK    Roles.- 

problems  to  be  solved  tlicrc  are  certain  conditions  or 
tities  given,  by  means  of  which  an  unknown  quantity  isH 
be  evolved.  For  example,  in  the  jirobleni  in  Art.  397,  there' 
were  three  certain  lines  given  to  find  a  fourth,  based  upon 
the  condition  that  the  four  lines  were  four  proportionals. 
Now,  it  has  been  found  that  the  relation  between  quantilic? 
and  the  conditions  of  a  question  can  better  be  stated  by  let- 
ters than  by  numerals;  and  it  is  the  office  of  algebra  to 
present  by  letters  a  concise  statement  of  a  question,  and  by 
certain  processes  of  comparison,  substitution  and  eltmina* 
tion,  to  condense  the  statement  to  its  smallest  compass,  and 
at  last  to  present  it  in  a  formula  or  rule,  which  exhibits  the 
known  quantities  on  one  side  as  equal  to  the  unknown  on 
the  other  si<lc.  Here  algebra  ends,  at  the  completion  of  the 
rule.  To  use  the  rule  is  the  office  of  arithmetic.  For,  in 
using  the  rule,  each  quantity  in  numerals  must  be  substi- 
tuted for  the  letter  representing  it,  and  the  arithmetical 
processes  indicated  performed,  as  was  done  in  Art.  397. 


399.— Algebraic   Rules  arc  Crcneral. — One   advantage 

derived  from  algebra  is  that  the  rules  made  are  general 

in  their  application,     For  example,  the  rule  of  Art,  397, 

be  .  ,      , 

—  =  rf,  is  applicable  to  all  cases  of  homologous  triangles. 

however  they  may  differ  in  size  or  shape  from  those  given  in 
Fig.  269 — and  not  only  this,  but  it  is  also  applicable  in  all 
cases  where  four  quantities  are  in  proportion  so  as  to  con- 
stitute four  proportionals.  For  example,  the  case  of  the 
four  proportionals  constituting  the  arms  of  a  lever  and  thfi^ 
weights  attached  {Arts.  375-378).  For,  taking  the  rtl 
tion  as  expressed  in  Art.  377 — 

P^CF=R^EC, 

we  may  substitute  for  C  F  the  letter  n,  and  for  E  C  the  I< 
w,  then  m  will  represent  the  arm  of  the  lever  E  C  {Fig, 
and  n  *he  arm  of  tliC  lever  FC.     Then  we  have — 


Pn  -  Rm, 


^iVMBOLS  CHOSEN   AT  PLEASURE. 

»d  from  this,  dividing  by  »  {/irt.  372),  we  have — 


395 


Ividing  by  w,  we  have — 


R  = 


Pn 


(no.) 


(IN.) 


is  a  rule  for  computing  the  wcij^ht  of  R,  when  /'  ami 
two  arms  of  leverage,  ///  and  w,  are  known.  For  example, 
let  the  weight  represented  by  /*  be  1200  pounds,  the  length 
of  the  arm  w  be  4  feet,  and  that  of  «  be  8  fcet^  then  we  have — 

_       Pn      1200x8  , 

R  =  —  = =  2400  pounds. 

P» 
This   rule,   R  =  --,   is   precisely   like    that    in   Art.    397 — 

—  =</— in  which  three  quantities  are  given  to  find  a  fourth, 
Ihr  ffuir  constituting  a  set  of  fnnr  proportionals. 

400. — Sj-inboU  CtaoM'ii  ui  PIcaHurc. — The  p.irticuUir 
■fetter  assigned  to  represent  a  particular  quantity  is  a  matter 
of  no  consequence.  Any  letter  at  will  may  be  taken ;  but 
when  taken,  it  must  be  tirmly  adhered  tf)  to  represent  that  i»ar- 
ticular  mianljly,  throughout  all  the  modihcaligns  which  may 
be  requisite  in  condensing  the  statement  into  which  it  enters 
into  a  formula  (or  use.  For  example-,  the  two  rules  named  in 
Art.  399  arc  precisely  alike — three  quantities  given  to  find  a 
fourth — yet  they  are  represented  by  diflferent  letters.  In  one, 
/f  and  P  represent  the  two  weights,  and  m  and  n  the  arms  of 
leverage  at  which  they  act :  while  in  the  other  the  letters 
0.  ^,r,and  rf  represent  severally  the  four  lines  which  constitute 
iwo  similar  sides  of  two  homologous  triangles.  The  two 
rule*  arc  alike  in  working,  and  they  might  have  been  con- 
stituted with  the  same  letters.  .\nd  instead  of  the  letters 
chosen  any  others  might  have  been  taken,  which  con- 
venience or  mere  ciiprice  might  have  dictated.     In  some 
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questions  it  is  usual  to  put  the  first  letters,  as  n,  d,  c,  etc., 
represent  kneiwn  quantities,  and  the  last  letters,  as  x,j,s, 
for  the  quantities  sought.  In  works  on  the  strength  of 
materials  it  is  customary  to  represent  weights  by  <  "' 
letters,  as  P,  R,  U,  H\  etc.,  and  lines  or  linear  dimensi-- 
the  small  letters,  as  b,  J,  /,  for  the  breadth,  depth,  and  length, 
respectively,  of  a  beam.  Any  other  letters  may  be  put  ic 
represent  these  quantities,  although  the  initial  U-tter  ol'  the 
word  serves  to  assist  the  memory  in  recognizing  the  partic- 
ular dimensions  intended. 


401.  —  Ariilimctleal   ProceNMCM  Indiealed   hy    Slfrn*.— I 

algebra,  the  hnir  jjrocesses  of  addititin,  subtraction,  multi- 
plication, and  division,  are  frequently  required ;  and  when 
the  required  process  cannot  be  actually  performed  upon  the 
letters  themselves,  a  certain  method  has  been  adopted  by 
which  the  process  is  indicated.  For  example,  in  additon. 
when  it  is  required  to  add  a  to  d,  the  two  letters  cannot  be 
intermingled  as  numerals  may  be.  and  their  sum  presented; 
but  the  process  of  addition  is  simply  indicated  by  placing 
between  the  two  letters  this  sign,  +,  which  is  called  plus, 
meaning  added  to ;  therefore,  to  add  aXxa  b  we  have — 

which  is  read  a  plus  b,  or  the  sum  of  a  and  b.  When  the 
quantities  represented  by  a  and  b  are  substituted  for  them— 
and  not  till  l^ien — they  can  be  condensed  into  ope  sura. 
For  example,  let  a  equal  4  and  b  equal  3,  then  for — 


we  have — 


a^-b 


4  +  3; 


and  we  may  at  once  wntc  their  sum  7,  instead  of  4  +  3. 

So,  likewise,  in  the  process  of  subtraction,  one  letter  caiv-' 
not  be  taken  from  another  letter  so  as  to  show  how  much  (>1 
this  other  letter  there  will  be  left  as  a  remainder;  but  the 
process  of  subtraction  can  be  indicated  by  a  sign,  as  this,  — » 
which  is  called   minus,  less,  meaning  subtractt'd  from.     For 
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iHet  it  be  required  to  subtract  b  from  a.     To  do 
have — 

a  —  b\ 

id  a  minus  b,  and  when  the  values  of  n  and  b  are 
ited   for  them,  we   have,  when  a   equals  4,  and   b 


b, 


4  -  3 : 

W,  instead  of  4  —  3,  we  may  put  the  vaJuc  of  the  two, 

5  unit}',  or  i. 

i  algebraic  signs  most  frequently  used  are  as  follows : 

',  signifies  addition^  and  that  the  two  quantities  be- 
recn  which  it  stands  are  to  be  added  together;  as 
■+  b,  read  a  added  to  b. 

ps^  signifies  subtraction,  or  that  of  the  two  quantities 
tween  which  it  occurs,  the  latter  is  to  be  subtracted 
m  the  former ;  as  «  —  b,  read  a  minus  b. 
iplUd  b)\  or  the  sign  of  multiplication.  It  denotes 
at  the  twn  (|uantitics  between  which  it  occurs  are  to 
multiplied  together;  as  «  :<  b,  read  a  multiplied  by  ^, 
a  times  /'.  This  sign  is  usually  omitted  between 
bolsor  letters,  and  is  then  understood,  as  ab.  This 
the  same  meaning  as  a<b.  It  is  never  omitted 
tween  arithmetical  numbers;  as  9x5,  read  nine 
es  five. 

kd  b}\  or  the  sign  of  division,  and  denotes  that  of  the 
l^o  quantities  between  which  it  occurs,  the  former  is 
)  be  divided  by  the  latter  ;  as  a-irb,  read  a  divided  by 
.  Division  is  also  represented  thus : 
he  form  of  a  fraction.  This  signifies  that  a  is  to  be 
ivided    bv  /'.     When  more  than  one  svmbol  occurs 

>ove  or  below  the  line,  or  both,  as ,   it    denotes 

c  in 

tat  the  product  of  the  svmbols  above  the  line  is  to  be 

ivided  by  the  product  of  those  below  the  line. 
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=  ,  is  cqua!  to,  or  sign  of  equality,  and    denotes   that  tl 
quantity  or  quantities  on  its  left  are  equal  to  those  oaj 
its  right ;  as  (z  —  Z'  =  r,  read  a  minus  b  is  equal  to  c^ 
equals  r  ;    or,  9—5=4,  read   nine  minus  five  equali 
four.     This  sign,  together  with  the  symbols  on  eubj 
side  of  it,  when  spoken  of  as  a  whole,  is  called  an] 
equation. 

rr*    dentitcs  a  squared^  or  a  multiplied  by  a,  or  the  second] 
power  of  a,  and 

7'  denotes  a  CTibed.  or  a  multiplied  bv  a  and  again  multi- 
plied by  a,  or  the  third  power  oi  a.  The  small  figun:, 
2,  3,  or  4,  etc.,  is  termed  the  index  or  exponent  of  the 
power.  It  indicates  how  many  times  the  symbol  is  10 
be  taken.  Thus,  «'  =■  a  tt,  a*  :=:^  a  a  a,  a*  =^  a  a  a  a. 
4/  is  the  radical  sign,  and  denotes  that  the  square  root  of  the 

quantity  f(»ll(}wing  it  is  to  be  extracted;  and 
\/  denotes  that  the  tube  root  of  the  quantity  following  i^  u 
to  be  extracted.      Thus,  \g  =  3,  and   \  27  =  3.      The 
extraction  of  roots  is  also  denoted  by  a  fractional  in- 
dex or  exponent,  thus — 

a^  denotes  the  scjuare  root  of  a, 

d^  denotes  the  cube  root  of  a, 

a^  denotes  the  cube  root  of  the  square  of  a,  etc 

402. — Example  In  Addition  nnd  Subtraction  :   Cm 
ling. — Let  there  be  some  question  which  requires  a  &t< 
ment  to  represent  it,  like  this — 

u  ^  ii  =  c  —  d, 
which   indicates  that  if  the  quantity  represented   by  '' 
added   to  the  cjuantity  represented   by  d,  the  sura   will  be 
equal  to  the  tjuantity  represented  by  r,  after  there  has 
subtracted  from  it  the  quantity  represented  by  f>;  or,  as  il 
usually  read,  n  plus  <^/ equals  <-  minus  />;  or  the  sum  of  a 
d  equals  the  dilTerence  between  c  and  b.     For  illustrati< 
take  in  place  of  these  four  letters,  in  the  order  they  stad 
the  numerals  4,  2,  9.  3,  and  we  shall  have  by  substitution  - 

a-k-d—c  —  h, 

44-2  =  9—3,  or  adding 

and  subtracting —  6  =  6. 


TRANSFERRING  SYMBOLS.  399 

If  it  be  required  to  add  to  each  member  of  the  equation 

.Ithie  quantity  represented  by  d,  this  will  not  interfere  with 

ItVie  equality  of  the  members.     For  a  +  d  are  equal  to  c  —  d, 

a.nd  if  to  each  of  these  two  equals  a  common  quantity  be 

fiidded,  the  sums  must  be  equal ;  therefore — 

a  +  d+b  =  c  —  d-fd, 
or  by  numerals — 

4  + 2  +  3  =  9-3  + 3» 
or — 

9  =  9- 

It  will  be  observed  that  the  right  hand  member  contains 
the  quantity  --  ^  and  +  d.  This  shows  that  the  quantity  d  is 
to  be  subtracted  and  then  added.  Now,  if  3  be  subtracted 
from  9,  the  remainder  will  be  6,  and  then  if  3  be  added,  the 
sum  will  be  9,  the  original  quantity.  Thus  it  is  seen  that 
tv/ien  in  the  savu  member  of  an  equation  a  symbol  appears  as  a 
fninus  quantity  and  also  as  a  plus  quantity,  the  two  cancel  each 
other,  and  may  be  omitted.    Therefore,  the  expression — 

a  +  d+  b  =  c  —  b  +  b 
becomes — 

a-{-d+  b  =c. 

403. — Tranaferriiiff  a  Symbol  to  the  Opposite  Member. 

— In  comparing,  in  the  last  article,  the  first  equation  with  the 
last,  it  will  be  seen  that  the  same  symbols  are  contained  in 
each,  but  differently  arranged  :  that  while  in  the  first  equa- 
tion b  appears  in  the  right  hand  member  and  with  a  minus 
or  negative  sign,  in  the  last  equation  it  appears  in  the  left 
hand  member  and  with  a  plus  or  positive  sign.  Thus  it  is 
seen  that  in  the  operation  performed  b  has  been  made  to 
pass  from  one  member  to  the  other,  but  in  its  passage  it  has 
been  changed.  A  similar  change  may  be  made  with  another 
of  the  symbols.  For  example,  from  the  last  equation,  let  d 
be  subtracted,  or  this  process  indicated,  thus — 

a  +  d+b  —  d  =  c  — d. 
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The  plus  and  minus  d,  in  the  left  hand  member  cancel  ^^ 
other,  tJiercfore — 

a  +  if  —  c  —  d, 
or,  by  numerals — 

4+3  =  9  —  2. 
Reducing — 

7  =  7- 

By  this  we  learn  that  anjf  quantity  (connected  by  +  or  -) 
viay  be  passed  front  one  member  of  the  equation  to  the  other  ^pi^ 
vided  the  sign  be  changed. 

404. — f^lffni  of  f^ymholH  to  be  Ctianired  ivhen  the)  are 
to  be  Sut»truc'(<;d. — As  an  example  in  subtraction,  let  the 
quantities  represented  by  +  ^  —  a  —f-v  c,  be  taken  from  th* 
quantities  represented  by  +a  +  b  —  £—f.  This  may  be 
written — 

(+a+b-c  -/)  -{+b-a  -f-^c), 

an  expression  showing-  that  the  quantities  enclosed  within  the 
second  pair  of  parentheses  are  to  be  subtracted  from  those 
mcluded  within  the  first  pair.  Let  the  quantities  represent- 
ed in  the  first  pair  of  parentheses  for  convenience  be  repre- 
sented by  A,or,  a  +  b  —  e  —f=  A.  Now,  by  the  terms  of  the 
problem,  we  are  required  to  subtract  from  A  the  quantities 
enclosed  within  the  second  pair  of  parentheses.  To  do  this 
take  first  the  positive  quantity,^,  and  subtract  it  or  indicate 
the  subtraction,  thus — 

A-b', 

we  will  then  subtract  the  positive  quantity  r,  or  indicate  the 
subtraction,  tlius — 

A-6-.  4 

We  have  yet  to  subtract  —  a  and  — /,  two  negative  quanti- 
ties. 

The  method  by  which  this  can  be  accoiuplishcd  may  — 
discovered  bv  considering  the  requirements  of  the  problem- 
The  plus  quantities  b  and  e,  before  being  subtracted  from  A, 
were  required  to  have  the  two  negative  quantities  «  and /de- 
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ducted  from  them.  It  is  evident,  therefore,  that  in  subtract- 
ing b  and  c,  before  this  deduction  was  made,  too  much  has 
been  taken  from  A,  and  that  the  excess  taken  is  equal  to  the 
sum  of  a  and  /.  To  correct  the  error,  therefore,  it  is  neces- 
sary to  add  just  the  amount  of  the  excess,  or  to  add  the  sum 
of  a  and/,  or  annex  them  by  the  plus  sign,  thus — 

A  —  b  —  c-^a+f. 

To  test  the  correctness  of  the  operation  as  here  performed, 
let  numerals  be  substituted  for  the  symbols ;  let  «  =  2,  ^  =  3, 
r  =  i,/=  ^;  then  the  given  quantities  to  be  subtracted, — 

{+b-a-f+c\ 
become — 

(+3-2-i+i), 
which  reduces  to — 

(4  -  2i)  =  li 

Thus  the  quantity  to  be  substracted  equals  i^.  Applying 
the  numerals  to  the  above  expression — 

A  —  b-k-  a  +/  —  c 
becomes— 

^— 3  +  2+i— I  —A  —  ^^i\  —  A  —  \\. 

A  correct  result ;  it  is  the  same  as  before.  Restoring  now 
the  symbols  represented  by  A,  we  have  for  the  whole  ex- 
pression— 

■\-a-\-b  —  c  —  f—  b  +a+/—  c, 

which,  by  cancelling  {Arf.  403)  and  by  adding  like  symbols 
with  like  signs,  reduces  to — 

2  rt  —  2  <*. 

To  test  this  result,  let  the  quantity  which  was  represented 
by  A  have  the  proper  numerals  substituted,  thus  : 

+  a  +  b  —  c  —fy 

+  2  +  3-  i~i  =  5-.  ii  =  3i. 
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The  sum  of  the  given  quantity  required  to  be  subtracted 
was  before  found  to  amount  to  i*^,  therefore — 

A-ii 
becomes — 

3  J  -  li  =  2. 

And  the  result  by  the  symbols  as  above  was — 

2a  —  2c, 
which  becomes — 

2  X  2  —  2X1, 

or — 

4-2  =  2; 

a  result  the  same  as  before,  proving  the  work  correct.  An 
examination  of  the  signs  in  the  above  expression,  which  de- 
notes the  problem  performed,  will  show  that  the  sign  of  each 
symbol  which  was  required  to  be  subtracted  has  been 
changed  in  the  operation  of  subtraction.  Before  subtract- 
ing they  were — 

{+^  —  a—/+c); 

after  subtraction  they  are — 

(—  d  +  a-r/—  c). 

Hv  this  result  we  learn,  that  /o  subiract  a  quantity  vit  have 
but  to  cluiH^^c  its  sii^n  and  annex  it  to  the  quantity  from 
whii"h  it  was  required  to  be  subtracted. 

Kxample :  Subtract  a  —  b  from  c-\-d.   Answer,  c-k-d—a-^h. 

If  numerals  be  substituted,  say  ^  =  7,  ^  =  4,  r=  5,  and 
d  —  9,  then — 

c  +  d     becomes     5  +  9  =  14, 
a—b  "  7-4=    3, 


So,  also.- 
bcconies- 


<  -4-  </  —  (rt  —  ^)  =  14  —  3  =  II. 
c  +  d  —  a  +  b 
5+9-7+4=  II. 


FRACTIONS  ADDED  AND  SUBTRACTED.  403 

405. — ^Alyebralc  Fractions:  Added  and  8nbtraeted« — 

"'Hen  algebraic  fractions  of  like  denominators  are  to  be 
*dded  or  subtracted,  the  same  rules  {Arls.  385  and  386)  are 
^o  be  observed  as  in  the  addition  or  subtraction  of  numeri- 
^1  fractions — namely,  add  or  subtract  the  numerators  for  a 
''^W  numerator,  and  place  beneath  the  sum  or  di£ference  the 
^^^inrnon  denominator. 

For  example,  what  is  the  sum  of  Ti  Tt  t? 

For  this  we  have — 

a  +  c  +  d 
d      • 

Subtract  ->  from  ->    For  this  we  have — 


What  is  the  algebraical  sum  of — 

d   c        n        .       r. 
-d'd^-d^^''^-  d^ 

For  these  we  have — 

b-\-c  —  n  —  r 


To  exemplify  this,  let  b  represent  9,  <r  =  8,  «  =  2,  r  =  3, 
and  </=  12. 

Then,  for  the  algebraic  sum,  we  have — 

9  +  8  —  2  —  3  _  2^  _ 
12  ~   12  ■"    * 

Now,  taking  the  positive  and   negative  fractions  sep- 
arately, we  have — 

9.  ^i.^  iZ. 

12  "^12  12  * 

and — 

12     12  12  * 


404 
Together — 

as  before. 
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fractions  t— •  1^ 


406t — The  Leaiit  Common  Den  om  In  a  I  or. — When  the 
denominators  of  algebraic  fractions  dilTcr  it  is  necessar)*  be- 
fore afddition  or  subtraction  can  be  performed  to  harmoniu 
them,  as  in  the  reduction  of  the  denominators  of  numerical 
fractions  {Arts.  388-390).     For  example,  add   together  the 

In   these    denominators   we   perceive 

that  they  collectively  contain  the  letters  n,  b  and  f,  and  no 
others.  It  will  be  requisite,  therefore,  that  each  of  the  frac- 
tions_  be  modified  so  that  its  den<iniifiatt)r  shall  have  these 
three  factors.  To  effect  this  it  will  be  seen  that  it  is  neces- 
sary to  multiply  each  fraction  by  that  one  of  these  letters 
which  is  lacking  in  its  denominator.     Thus,  in  the  first,  a  is 

a  X  a  '=^  o  a 
lacking,  therefore  {Art.  380)  1—  — r-. 


and  c  are  lackmg,  therefore  t  tt~ 

^'  b  y.  ac  =■  a  be 


b  is  lacking,  therefore 


r  X 
ac  X 


h-   rb 


b  =.  a  be 


In  the  second  <7 
and  in  the  third 
Placing  them  now 


together  we  have — 

aa  +  a e e  ■¥  br 
a  be. 


a       e       r 
be     b     ac 


The  factor  a  a  may  be  represented  thus  a',  which  meat 
that  a  occurs  twice»  the  small  figure  at  the  top  indicatir 
the  number  of  times  the  letter  occurs  ;  a*  iscalled  a  squared/ 
a  a  a  =  a\  and  is  called  a  cubed. 

In  order  to  show  that  the  above  fraction,  resulting  as  the 
sum  of  the  three  given  fractions,  is  correct*  let  a  =  2,  ^  = 
e  =  4,  c  =  $f  and  r  =  6.      Then   the   three   given   fractior 
are — 

,2         5         6 


+  1  + 
3x4      3 


I      5      3 

:=—  +  —  +  —. 

2x4       6      3      4 
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In  equalizing  these  denominators  we  multiply  the  second 
fraction  by  2,  and  the  third  by  li,  which  will  give — 

5  X  2  =  fo    3  X  i^  _  4^ 

3x2=  6'4xii~'  6' 
then — 

'6'^'6  ^  6  ~    6    ~  ^  6   ~  ^  12- 

Now  the  sum  of  the  fractions  is — 

a'  +  tic-e  +  br 
Jb~c         • 


or. 


2' +  2x4x5  +  3x6 
Jx  3  X  4  ' 


4  +  40+18        62  14       ^7 

or,  =  —  =  2  —  =  2  — ; 

24  24  24  12 

the  same  result  as  before,  thus  showing  that  the  reduction 
was  rightly  made. 

407. — Alffebraio  Fractiont  Subtracted. — To  exemplify 
the  subtraction  of  fractions,  let  it  be  required  to  find  the 

algebraic  sum  of ^  ~  7-  These  denominators  all  dif- 
fer. The  fractions,  therefore,  require  to  be  modified,  so 
that  each  denominator  shall  contain  them  all.  To  accom- 
plish this,  the  first  fraction  will  need  to  be  thus  treated  : 


axd/= adf 

the  second — 

c  X  df=  cdf 

the  third— 

bxcf^       bcf 
dxc/=       cdf 

The  sum  of  these  is- 

c  X  c d  =        cdc 
"fxcd^  ~  Tiff 

adf^bcf—  cdc 

cdf 
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That  this  is  a  correct  answer,  iet  the  result  be  proved  by 
figures  ;  thus,  for  «  put  15  ;  ^,  2 ;  <r,  3  ;  </,  4;  /,  5  ;  /,6.  Then 
we  shall  have — 

a       ^       ^  _  11       2       5 
c~  d~  'f~   3    ~4~~6' 

It  will  be  observed  that  these  denominators  may  be  equal- 
ized by  multiplying  the  first  fraction  by  2,  and  the  second 
by  i^,  therefore  we  have — 

JO  _  3       5 
6        6       6* 

To  make  the  required  subtraction  we  are  to  deduct  from  30 
(the  numerator  of  the  positive  fraction),  first  3,  then  5 ;  or, 
the  sum  of  the  numerators  of  the  negative  fractions ;  or  for 
the  numerator  of  the  new  fraction  we  have  30  —  8  =  22. 
The  required  result,  therefore,  is — 

22        II         , 

T  =  T  =  * 

To  apply  this  test  to  the  algebraic  sum  we  have — 


a  d  f  —  bcf— cdc  _  15x4x6  +  2x3x6+  3x4x5 
c df  ~  3x4x6 

which  by  multiplication  reduces  to — 

360  —  36  —  60  _    264  _  22  _  1 1  _ 

72  ~   72   "    6   ~  ^  ~"  ^*' 

a  result  the  same  as  before,  proving  the  work  correct.    An- 
other example  : 

From take  -,  —  and  - ; 

n       in  n    in  n 

or.  find  the  algebraic  sum  of — 

a       b         c        d        e 
n      in        n        in        n 


DENOMINATORS  HARMONIZED.  407 

The  fna:feions  which  have  the  same  denominator  may  be 
grouped  together  thus : 


and — 


To  harmonize  these  two  denominators,  m  and  «,  the  first 
fraction  must  be  multiplied  by  m  and  the  last  by  «,  or — 


a 

c 

e 

a  —  c  —  e 

n 

n 

n 

n 

b 

d 

b-d 

m 

"~" 

m 

vt 

(a—c—e)       n  {b  —  d)  _m  {a  —  c  —  c)  +  n  (b  —d) 


m  ^ 

tn  n  nt  n  m  n 


In  the  poljrnomial  factor  within  the  parentheses  (^  —  c  —  e)vfQ 
have  the  positive  quantity  a,  from  which  is  to  be  taken  the 
two  negatives  c  and  /,  or  their  sum  is  to  be  taken  from  a,  or 
(a  —  (f  4.  e) ).  With  this  modification  we  have  for  the  alge- 
braic sum  of  the  five  given  fractions — 

m{a  —  {c  j^c))  ^  n  (b  —  d) 
m  n 

To  test  the  accuracy  of  this  result,  let  the  value  of  the  sev- 
eral letters  respectively  be  as  follows :  a  =  1 1 ,  ^  =  9,  <:  =  3, 
</=  4,  ^  =  5,  wi  =  10,  and  «  =  8.     Then  the  sum  is — 

10(11  -(3  +  5))  +  8(9-4)  ^  70  _  7 
10  X  8  80       8* 

Now,  taking  the  fractions  separately,  we  have — 

£_£_f_il_/'3      5\il_8_3 
n       n       n        8         Vs       8/  —    8         8  ~  8' 

*  //         9         4  5 

agam, —  =  -^ —  =  -^: 

**  ///        m        10       10        10 

or,  together  we  have,  as  the  sum  of  these  two  results— 

8  ^    10 


4o8 
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To  harmonize  these  denominators  we  may  multiply  the  firsl^ 
fraction  by  5,  and  the  second  by  4,  thus : 

3  X  5  =  J5    _5_X4  =  20 
8x5  =  40'   10x4  =  40' 


20 


35 


and  then  the  sum  is — 

15      _  ^  __  ^  _. 
40  '*'  40        40        8 ' 

the  same  result  as  before,  thus  the  accuracy  of  the  work  is 

established. 

4-08. ^Graphical    Reprcttontallon  of  Multiplication.— 

In  Fig.  278,  let  ABCD.sl  rectangle,  have  its  sides  ^5  and 


A 




Fig.  a78. 

A  C  divided  into  equal  parts.  Then  the  area  of  the  figure 
will  be  obtained  by  multiplying  one  side  by  the  other,  or 
putting  a  for  the  side  A  B,  and  d  lor  the  side  A  C,  then  the 
area  will  be  ^  x  ^,  or  ad.  This  will  be' the  correct  area  of 
the  figure,  whatev(pr  the  length  of  the  sides  may  be.  If,  as 
shown,  the  area  be  divided  into  4  x  7  =  28  equal  rectangles, 
then  a  would  equal  7,  and  //  equal  4,  and  ab  ■=  j  x  4  =  28,  the 
area.  \t  A  B  equal  2'^  and  A  C  equal  16,  then  will  <>  =  28, 
and  b  =  16,  and  ^  <^  =  28  x  16  =  448,  the  area.  ^M 

409. — draphicnl  nulitplicatloii :  Three  Factor* — Let 

A  B  C D  E  FG  {Fii^.  279^  represent  a  rectangular  solid  which 
may  be  supposed  divitlcd  into  numerous  small  cubes  as 
shown.  Now,  if  a  be  put  for  the  edge  A  B,  6  for  the  edge 
A  C,  and  c  for  the  edge  CB,  then  the  cubical  solidity  of  tb< 
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_  ire  will  be.  represented  by  a  x  b  <  c  =  a  h  c.     If  the 
i  B  measures  6,  the  edge  A  C  l,  and  the  edge  CD  4, 
r^<- =  6x3x4  =  72  =  the    cubic    contents    of   the 
or  the  number  of  small  cubes  contained  in  it. 


B 


f 


/^ 


z 


z 


/ 


/ 
/ 


Fra.  279, 


K — Graphic  Represenlntton  :  Two   and   Three  Fac- 

Ffgs.  278  and  279  serve  to  illustrate  the  algebraic  ex- 
)ns  ab  and  a  be.  In  the  former  it  is  shown  that  the 
lication  of  two  lines  produces  a  rectangular  surface, 
:  if  a  and  b  represent  lines,  then  n  b  may  represent  a 
^ular  surface  {Fig-  278)  having  sides  respectively 
:o  a  and  b.  And  so  if  a,  b,  and  t-  represent  three  sev- 
les,  then  abc  may  represent  a  rectangular  solid  {Fig. 
iving  edges  respectively  equal  to  a,  by  and  c. 


y 


A 

8 

I 

Fig.  280. 


. — Ornphteal  Multlpllratloii  ar  a   Binomial.  —  Let 

D  {Fig.  280)  be  a  rectangular  surlace,  and  B  E  D  F  an- 
rectangular  surface,  adjoining  the  first.  The  area  of 
lole  figure  is  evidently  equal  to — 

{A  B^BE)^AC. 
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The  area  is  also  equal  to — 


ABxA  C'  +  B£xBD; 
or,  since  A  C  =  B  D,  the  area  equals — 


ABxAC^BEic.AC\ 

or,  if  symbols  be  put  to  represent  the  lines,  say  a  for  A  B.  \i 
b  for  B  Ey  and  c  for  A  C  then  the  two  representatives  o(  the 
area,  as  above  shown,  become :  The  first — 


and  the  last — 
Hence  we  have — 


{a  ^  b)  %c  =  area ; 

(a  X  i:)  +  (^  X  r)  =  area. 

(a  H-  3)  f  =  a  f  +  ^  f. 


This  result  exemplifies  the  algebraic  multiplication  of  a  bi- 
nomial, which  is   performed  thus:  Let  rt  +  ^  be  multiplied 
by  r. 
The  problem  is  stated  thus : 

(a  +  b)  c. 

To  perform  the  multiplication  indicated  we  oroceed  thus: 


ac  +  be 


multiplying  each  of  the  factors  of  the  multiplicand  sepa- 
rately and  annexing  them  by  the  sign  for  addition.  Putting 
the  two  together,  or  showing  the  problem  and  its  answer  ifl 
an  equation,  we  have — 

{a  -^  b)  c  -^  a  c  ■¥  b  c^ 

prodiicing  the  same  result,  above  shown,  as  derived  from 
the  graphic  representation. 

412.— Orniihtcal  ^quniinir  of  a  Binomial. — Let  ECCJ 
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»  lines/^  H  ^nd  F  D,  parallel  with  the  lines  of  the 
le,  and  at  such  a  distance  from  them  that  the  sides, 
i  B  D,oi  the  rectangle,  A  B  CD,  shall  be  of  equal 
We  then  have  in  this  figure  the  three  squares, 
fjABCD,  and  FGBH,  also  the  two  equal  rect- 
EFAB2iTi^BHDy. 

E  Fht  represented  by  a  *and  FG  by  d,  then  the  area 
CD  will  be  axa  =a' ;  the  area  of  FGBH  will  be 
y ;  the  area  of  E  FA  B  will  he  a  y.  b  •=  a  by  and  that 


c  6       3 

Fig.  281. 


D  y  will  be  the  same.    Putting  these  areas  together 

a*  +  2ab  +  b*, 

1  equals  the  area  of  the  whole  figure— equals  theprod- 
EGx  E  C — equals  the  product — 

{a  +  b)  x{a  +  b). 
refore,  we  have — 

{a  +  b){a  +  b)=:a* +  2ab  +  b*;  (112.) 

;eneral,  M^  square  of  a  binomial  equals  the  square  of 

,  plus  twice  the  first  by  the  second,  plus  the  square  of  the 

This  result  is  obtained  graphically.    The  same  re- 

7  be  obtained  by  algebraic  multiplication,  combining 
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each  factor  of  the  multiplier  with  each  factor  of  the  multi. 
plicand  and  adding  the  products,  thus — 


Ii3 


a*  +  2  ab  +  b\ 

The  same  result  as  above  shown  by  graphical  representa- 
tion. 

413.— Oraphfeal  Sqnarlni;  of  the  Difference  of  Two 
Factors. — Let  the  line  E  C  {I'ig.  281)  be  represented  byr, 
and  the  line  A  E  and  A  C  2ls  before  respectively  by  b  and 
a,  then^ — 

EC-AE  =  AC, 


c  —  b  =  a. 
From  this,  squaring  both  sides,  we  have — 

{c-~by  =  a\ 


The  area  of  the  square  A  B  C  D  m^iy  be  obtained  thus: 
From  the  square  E  G  CJ  take  the  rectangle  E  G  x  EAzrA 
the  rectangle  F  G  -k  D  jf^  minus  the  square  F  G  B  H.  or 
from  c*  take  the  rectangle  c  b^  and  the  rectangle  c  b,  minus 
the  square,  b*,  and  the  remainder  will  be  the  square,  a* \  or, 
in  proper  form — 

c'  -cb-cb^b*  =  a' 

In  deducting  from  c*  the  rectangle  cb  twice,  we  have  taken 
away  the  small  square  twice ;  therefore,  to  correct  this 
error,  we  have  to  add  the  small  square,  or  b*.  Then,  whea. 
reduced,  the  expression  becomes — 


J 


c'-2cb^-b*  =  a*  =  {c^b)\ 
This  result  is  obtained  graphically.    The  result  by  algebraic 
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process  will  now  be  sought.     The  square  of  a  quantity  may 
l>e  obtained  by  multiplying  the  quantity  by  itself,  or — 


c^  b 
c-b 

c'  -  be 
-bc+b^ 

{c  -  by  -  c*-2bc-^b\ 


("3.) 


In  this  process,  as  before,  each  factor  of  the  multiplier  is 
combined  with  each  factor  of  the  multiplicand  and  the  sev- 
eral products  annexed  with  their  proper  signs  {Art.  415), 
and  thus,  by  algebraic  process,  a  resnlt  is  obtained  precisely 
like  that  obtained  graphically.  This  result  is  the  square  of 
the  difference  of  c  and  b ;  and  since  c  and  b  may  represent 
any  quantities  whatever,  we  have  this  general — 

Rule. — The  square  of  the  difference  of  two  quantities  is 
equal  to  the  sum  of  the  squares  of  the  two  quantities^  minus  twice 
their  product. 

B       J 


H 


Fig.  282. 


414a — Graphical  Product  of  the  Sam  and  DlflTerence 
of  Two  <|aantltlet. — Let  the  rectangle  A  B  C  D  {Fig.  282) 
have  its  sides  each  equal  to  a.  Let  the  line  £  F  be  parallel 
with  A  B  and  at  the  distance  b  from  it,  also,  the  line  FG 
made  parallel  with  B  D,  and  at  the  distance  b  from  it.  Then 
the  line  E  F  equals  a-\-  b,  and  the  line  E  C  equals  a  —  b. 
Therefore  the  area  of  the  rectangle  E  F  C  G  equals  a-\~b. 


» 


Two  of  these  like  quantities,  having  contrary  signs,  cancel 
each  other  and  disappear,  reducing  the  expression  to  this— 

The  correctness  of  this  result  is  made  manifest  by  an  inspec- 
tion of  the  figure,  in  which  it  is  seen  that  the  rectangle  E  fCG 
is  equal  to  the  square  A  BCD  minus  the  square  BJHF. 
For  ABE!!  equals  BJDG.  Now,  if  from  the  squartfl 
A  B  C D  \vc  take  away  A  B  E  //,  and  place  it  so  as  to  covtT 
BJDG,  we  shall  have  the  rectangle  EECG  plus  the  square 
BJHF;  showing  that  the  square  A  BCD  is  equal  to  the 
rectangle  E  FCG  plus  the  square  BJ  H  F\  or — 

The  last  quantity  may  be  transferred  to  the  first  member 
the  equation  by  changing  its  sign  {Art.  403).     Therefore— 


U 


a^  —  y  =  {a-^b)^  {a-b\ 
as  was  before  shown. 
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The  result  here  obtained  Is  derived  from  the  geometrical 
fig-ure,  or  graphically.  Precisely  the  same  result  may  be 
obtained  algebraically  ;  thus — 


{a  +  b)y^{a-b)  =  a\...  -  b^ 


(114.) 


Here  the  two  like  quantities,  having  unlike  signs,  cancel 
each  other  and  disappear,  leaving  as  the  result  only  the  dif- 
ference of  the  squares. 

The  result  here  obtained  is  general ;  hence  we  have  this — 

Rule. —  The  product  of  the  sum  and  difference  of  two  qttan- 
titles  equals  tfie  difference  of  tfteir  squares. 


\ 


? 


Fig.  2S3. 

41 5. — Plut  and  milnuN  ISiirns  In  Sliiltlpllculioii. —  In  pre- 
vious articles  the  signs  in  multiiilicution  have  been  given  to 
products  in  accordance  with  this  rule,  namely :  Like  signs 
give  plus  :  unlike  signs,  minus.  This  rule  may  be  illustrated- 
graphically,  thus:  In  the  rectangular  Fig,  283,  iet  it  be  re- 
quired to  show  the  area  of  the  rectangle  A  GC H^  in  terms 
of  the  several  parts  of  the  whole  figure.  Thus  the  area  of 
AGE  7  equal  A  B  R  F  -  G  BJ  F  :iu6  the  area  of  EJCH 
equals  EFCD-JFHD.  And  the  areas  of  AG  EJ-r 
Eye H  equals  the  area  of  A  G  C H.  Therefore  the  sum  of 
the  two  former  expressions  equals  AG  C  H.  Thus  A  B  F.F— 
GByF^EFCD-7FHn  =  AGCH,  Let  the  several 
lines  now  be  represented  by  algebraic  symbols;  for  example, 
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let  A/i  =  /IF=a;  \etGB  =  7f=/>:  \etAE=G'J  =  ^ 
and  £  C  =  7//  =  //»  and  let  these  symbols  be  substituted  k 
the  hnes  they  represent,  thus  AB EF—  G BJF-^EPCD- 
7FHD  =  AGCH, 

ac  —  bc  +  ad— bd={a  —  b)x{c-¥  d). 

An  inspection  of  the  figure  shows  this  to  be  a  correct 

result.  It  will  now  be  shown  that  an  algebraical  multiplica- 
tion of  the  two  binomials,  allotting  the  signs  in  accordance 
with  the  rule  given,  will  produce  a  like  resulU  For  example— 

a--b 
c  ■¥  d 


ac  ~  be  -^  ad  —  bd. 


FtG.  284. 


4-I6* — Equalll)' of  Square*  on  Hjrpothennae  and  6lde*«f 
Rlirltt-Ansled  Triangle. — The  truth  of  this  proptisition  has 
been  proved  geometrically  in  Art.  353.  It  will  now  be 
shown  graphically  and  proved  algebraically. 

Let  A  BCD  [Fi^.  284^  be  a  rectangle  of  equal  sides,  and 
BED  the  right-angled  triangle,  the  squares  uj.>on  the  sidt* 
of  which,  it  is  proposed  to  consider.  Extend  the  side  fiH 
to  /*;  pamllel  with  FF  draw  DG.  C K,  and  A  L.  Parallel 
with  ED  draw  A  ^ and  L  G.  These  lines  produce  triangles, 
AHB,  AC  J,  ALC,  CKD,  and  CGD,  each  equal  to  the 
given  triangle  BED  {Art.  337).     Now,  if  from  the  square 


SQUARES  ON  RIGHT-ANGLED  TRIANGLE. 


A  BCD  we  take  A  B  H  and  place  \\^\.C  DG\  and  if  we  take 
BUD  and  place  it  at  A  LC  we  will  modify  the  square 
A  BCD,  so  as  to  produce  the  figure  LGDEHA  L,  which 
is  made  up  of  two  squares,  namely,  the  square  D  H  I'C  and 
tbe  square  ALFH,  and  these  two  squares  are  evidently 
equal  to  the  square  A  B  CD.  Now,  the  square  D  E  FG\^  the 
square  upon  E  D,  ihe  base  of  the  given  right-angled  triangle, 
and  the  square  A  L  F H  is  the  square  upon  A  H  —  B  E^  the 
perpendicular  of  the  given  right-angled  triangle,  while  the 
square  A  B  C D  is  the  square  upon  ED,  the  hypothenuseof 
the  given  right-angled  triangle.  Thus,  graphically,  it  is  shown 
that  ////•  square  upon  the  kypothenusc  of  a  right-an^^hd  triangle 
is  equal  to  the  sum  of  the  squares  upon  the  remaining  two  sifies. 
To  show  this  alj^cbraically,  let  BE,  the  perpendicular  of 
the  given  right-angled  triangle,  be  represented  by  a ;  B  D, 
the  base,  by  b,  and  B  D,  the  hypothenuse,  by  c.  Then  it  is 
required  to  show  that — 

Now»  since  D  K  ■=  B  E  —  a,  therefore,  E  K  =  E  D  — 
D  K  ■=■  b  —  a,  and  the  square  E  A'  J//"  equals  (^  —  <i)',  which 
(/Ir/.  413)  equals 

b'-2nb^  a\ 

This  is  the  value  of  the  square  E  KJH  which,  with  the  four 
triangles  surrounding  it,  make  up  the  area  of  the  square 
A  B  C D.  Placing  the  triangle  A  B  //  of  this  square  outside 
ol  it  at  CD  G,  and  the  triangle  BED^\,AL  C,  we  have  the 
four  tr'  ■  grouped  two  and  two.  and  thus  forming  the 
two  n  ^  s  C  G DK  and  A  LCJ.  Each  of  these  rect- 
angles has  its  shorter  side  {A  L,  CG)  equal  to  /?/f  =  a,  and 
its  longer  side  L  C,  G  I),  equal  \n  E  D  —  b  \  and  the  sum  of 
the  two  rectangles  is  a b  ■*-  ab  —  2ab,  This  represents  the 
area  of  the  two  rectangles,  which  are  equal  to  the  four  tri- 
angles, which,  together  with  the  square  EKJ Hy  equal  the 
!equare    '  >^'\0;  or — 


ABCD^EKJlI^CCDK^ALCy, 


-"^  •'^»^>**-" 


4)8 

or— 


c^  =  (6  ^  aY  ^  rt  d  -i-  a  d,  or — 
f'  =  {d  -  a)*^  2ad, 


Then,  substituting  for  (fi  —  a)*,  its  equivalent  as  above,  we 
have — 

f '  =  d"  ~  2  a /}  -i-  a  ^  +  2  eJ  d. 


Remove  the  two  like  quantities  with  unlike  signs  (/if/.  402). 
and  we  have — 


which  was  to  be  proved. 

417.— Division  the  ifteverte  of  Bfulllplicatlon.— As 

vision  is  the  reverse  of  multiplication,  so  to  divide  onequan- 
tity  by  another  is  but  to  retrace  the  steps  taken  in  multipli- 
cation.    If  we  have   the  area  ad  {Fig.  2yS),  and  one  ol  the 
factors  a  given  to  find  the  other,  we  have  but  to  rcmon 
from  fj/>  the  factor  a,  and  write  the  answer  //, 

If  we  have  the  cubic  contents  of  a  solid  abc{Fig.2'j^ 
and  one  of  the  factors  a  given  to  find  the  area  represented 
by  the  other  two,  we  have  but  to  remove  a,  and  write  the 
others,  h^,  as  the  answer.  ^- 

If  there  be  given  the  area  represented  by  a  {b+(){;yi9^ 
Art.  411),  and  one  of  the  factors  a  to  find  the  other,  we  have 
but  to  remove  a  and  write  the  answer  b->r  c.  Sometimes,  how- 
ever, a  {b  +  c)  is  written  a  b  +  ac.  Then  the  given  factor  is 
to  be  removed  from  each  monomial  and  the  answer  written 
b  +  c. 

If  there  be  given  the  area  represented  by  a*  -+.  2  « ^  +  ^' 
to  find  the  factors,  then  we  know  by  Art,  412  that  this  area 
is  that  of  a  square  the  sides  of  which  measure  a  -4-  b,  and  thai 
the  area  is  the  |.»roduct  uf  a  -^  b  by  «  +  b\  or.  thai  a  ^  b  \s 
the  square  root  of /?'  .+  2  a h  -^  dl 

If  there  be  given  the  area  a'  —  2ab  +  b^  to  find  its  lac- 
tors,  then  we  know  by  Art.  413  that  this  area  is  that  of  a 
square  whose  sides  measure  a  —  b,  or  tfiat  it  is  the  product 
of  a  —  b  by  (1  —  b,  or  the  square  of  ^  —  b. 
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If  there  be  given  the  difference  of  the  squares  of  two 
quantities,  or  the  area  represented  by  a^  —  d*,to  find  its  fac- 
tors, then  we  know  by  Art.  414.  that  this  is  the  area  pro- 
duced by  the  multiplication  oi  a  —  dby  a  +  d. 

4>l8a — DiTlslon :  Statement  of  <|aotlent. — In  any  case  of 
division  the  requirement  may  be  represented  as  a  fraction ; 
thus  :  To  divide  c  +  d  —  /by  a  —  d  we  write  the  quotient 
thus — 

c  +  d-/ 
a-  d~' 

For  example,  to  illustrate  by  numerals,  let  a  =  7,  d  =  3, 
r  =  4,  </  =  5,  and  /  =  6.     Then  the  above  becomes — 

4+5-6^*3 
7-3  4* 

4 1 9. — ^DiTlslon  t  Redaction. — When  each  monomial  in 
either  the  numerator  or  denominator  contains  a  common 
quantity,  that  quantity  may  be  removed  and  placed  outside 
of  parentheses  containing  the  monomials  from  which  it  was 
taken  ;  thus,  in — 

2  ad  +  4  ac  —  8  ad 

7  ' 

we  have  2  and  a  factors  common  to  each  monomial  of  the 
numerator.    Therefore  the  expression  may  be  reduced  to 

2a{d  +  2c  —  4d) 
-  . 

To  test  this  arithmetically  we  willl  put  a  =  g,  d  =  7,  c  =  $, 
d  ^  4,  and  /  =  6.     Then  for  the  first  expression  we  have — 


2X9X74.4X9X  5  —  8  X  9  X  4 
6  ' 


which  equals — 

126  ^.  180  —  288 


=  3- 
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And  for  the  second  expression — 


2x9  (7 +  2x5  —  4x4) 
6 
which  equals — 

18  (17  --  16)  _  18^  _ 
6  -  6    ~  3  ' 

the  same  result  as  before.  It  will  be  observed  that  in  this 
process  of  removing  all  common  factors  algebra  furnishes 
the  means  of  performing  the  work  arithmetically  with  many 
less  figures.  The  reduction  is  greater  when  the  common 
factor's  are  found  in  both  numerator  and  denominator.  For 
example,  in  the  expression — 

3  a n*+  g  dn  —  15m 
12  </«  —  i8/« 

we  have  3  «  a  factor  common  to  each  monomial  in  the  nu- 
merator and  denominator ;  therefore  the  expression  reduces 
to 

3«(g+3^-  s  c) 
3  «  (4  ^  -  6/)     • 

And  now,  since  3  «  is  a  factor  common  to  both  numerator 
and  denominator,  these  cancel  each  other ;  therefore  [Art. 
371)  the  expression  reduces  to — 

a  +  36  —  S^ 
4^-  6/  • 

To  test  these  reductions  arithmetically,  let  a  =  g,  d  =8. 
r  =  4,  </  =  6,/  =  3,  and  »  =  5.  Then  the  first  expression 
becomes — 


3  X  9  x5  +  9x8x5  -15  X  4  X  5 
12x6x5  —  18x3x5 

which  equals — 

13s  +  360  —  300  _  195  _  i_. 
360  —  270   —  90  ~  ^  6  • 
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« 

and  the  second  expression  becomes — 


9  +  3x8  —  5x4 
4x6  —  6x3  ' 

which  equals — 

9  +  24  -  20  _  23  _^j_ 


24—18  6  6 

The  same  result,  but  with  many  less  figures. 

4'20. — Proportionals :  Analysis. — In  the  formula  of  the 
lever  {Art.  377),  P  x  CF  =  R  x  £  C.  Let  n  be  put  for  the 
arm  of  leverage  C/^and  m  for  £  (J.    Then  we  have — 

Pn  =  Rm, 
from  which  by  division  {Art.  372)  we  have  {Art.  399) — 

P=R—,  (no.) 

R  =  P — ,  (ill-) 

Suppose  there  be  a  case  in  which  neither  R  nor  P  severally 
are  known,  but  that  their  sum  is  known  ;  and  it  is  required 
from  this  and  the  m  and  n  to  find  R  and  P.    Let — 

W=  R  +  P, 

then—  W-  R  =  P.  (See  Art.  403.) 

The  value  of  P  was  above  found  to  be — 


P=  R  — 
n 


Since  P  =  R  —  and  also  equals    W  —  R,  therefore — 
n 


W-R  =  R-. 
n 
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Transferring  R  to  the  opposite  member  {Art,  403)wellay^- 

W=R^R^, 
n 

Here  R  appears  as  a  common  factor  and  may  be  separated 
by  division  {Art.  419);  thus — 

By  division  the  factor  y  i  +  — j  may  be  transferred  to  the 
opposite  member  {Art.  37J).    Thus  we  have — 

W 

by  which  we  find  the  value  of  R  developed.    As  an  example, 
let  W  =  1000  pounds,  »«  =  3  feet  and  «  =  7  feet ;  then— 

_  1000  _.  1000 

Multiplying  the  numerator  and  denominator  by  7,  we  get— 

7  X  1000 

R  = =  700. 

10  ' 

Since —  R  +  P  =  1000, 

and —  R         =    700, 

then —  P         =  300. 

But  a  process  similar  to  the  above  develops  an  expression 
for  the  value  of  P,  which  is — 


I  -I-  « 

^  ("7) 


Putting  this  to  the  test  of  figures,  we  have — 
1000        1000       3000 


I  +  1  ~    V    ~    10 


=  300- 


I. —  RalHlng  a  <|uanttty   to   any   Power.  —  When    a 

quantity  is  required  to  be  multiplied  by  its  equal,  the  prod- 
uct is  called  the  square  of  the  quantity.  Thus  a  <  a  =  a* 
{Art.  412).  If  the  square  be  multiplied  by  the  original 
quantity  the  result  is  a  cube ;  or,  if  k  a  =  a* ;  or,  generally, 
ior — 


we  put — 


a,  a  a,  a  a  a,  a  ana,  aaaaa. 


in  which  the  smalt  number  at  the  upper  right-hand  cor- 
ner indicates  the  number  of  times  the  quantity  occurs  in 
the  expression.  Thus,  if  a  =  2,  then  rt'  =  2  x  2  =  4, 
«'  =  4  X  2  =  8,  rt'  =  8  X  2  =  16,  rt'  =  16  X  2  =  32 ;  any  terra 
in  the  series  of  powers  may  be  found  bv  multiplying  the 
preceding  one  by  a,  or  by  dividing  the  succeeding  one  by  «. 

Thus  a*  X  a  =  a*,  and  -  =  a*, 
a 


422. — QunniUieH  with  Ncirnttlvc  Exponents.— The  series 
of  powers,  by  division,  may  be  extended  backward.     Thus, 

if  we  divide  -=  a  \  —=a  ;    -=  a  ,  -^  a  \    -  =  a  ,  -  =  a    ; 
a  a  a  a  a  a 


a  a 


etc. 


In  this  series  we  have  -  =  <7'.     But  a  quantity  divided  by 

its  equal  gives  unity  for  quotient,  or  -  =  i.    Therefore,  -  =  i, 

andr7'=  I-     This  result  is  remarkable,  and  holds  good  re- 
gardless of  the  value  of  a. 

From  this  and  the  preceding  negative  exponents  we  de- 
rive the  following : 


1          ^^ 

^^^^B                       ^^^^^^^^H 

: 

^^H 

^■^^^H 

<r'=  -  =  -^  =  _,  etc.                           H 

Showing  that  a  quantity  with  a  negative  exponent  may  haii 
substiittteei  for  it  the  same  quantity  ^vit/i  a  positive  expoiunt,  bnl 
usfd  as  a  dem>miHat<>r  to  a  fraction  luiving  unity  for  ik 
numeraior.  d 

#23* — Addition  and  Subtraction  of  Exponcnilal  Quan- 
lllles. — Equal  quantities  raised  to  the  same  power  may  be 
added  or  subtracted;  as,  rt*+2a'=  -^a*;  but  expressions  in 
which  the  p<»\vers  differ  cannot  be  reduced  ;  thus,  a*-¥a  —  (i* 
camiot  be  condensed. 

424*— IHulllpltoation   of  Exponential   4|uantitleft.  — It 

will  be  observed  in  Art.  421  that  in  the  series  of  powers, the 
index  or  exponent  increases  by  unity  ;  thus,  a\  a*.  a\a\  etc.: 
and  that  this  increase  is  effected  by  multiplying  by  the  root, 
or  original  quantity.  From  this  wc  learn  that  to  multiply 
quantities  having  equal  roots  we  simply  add  their  exponents. 
Thus  the  product  o(  *?,  a",  and  a'  is  a*  x  a^  x  « '  =  a\ 
The  product  of  a"*,  <?*,  and  <i'  is  <?**  x  «•  x  <?*  =  <f*. 
The  exponents  here,  are :  —  243  +  5  =  8  —  2  =  6. 

42S. — DUUlou  of  Esponentlal  Quantltlen. — As  division 
li  the  reverse  of  multiplication,  to  divide  equal  quantitus 
rmftd  to  ttirious  po-wers,  we  need  simply  to  subtract  the  expo- 
nent 0f  the  dix'isor  from  that  of  the  dividend.  Thus,  to  divide 
<»*  by  <**  wc  have  a^  =  <?*.  That  this  is  correct  is  manifest; 
for  the  two  factors,  a*  x  a*,  in  their  product,  a*,  produce  the 
dividend. 

To  divide  a'  by  «*,  we  have  a^=  «•*,  which  is  equal  to  j 


M. M. 


ATION    OF   LOGARITHMS. 


a- 


See  Art.  422).     The  s;ime  result  may  be  had  by  stating  the 
*luestion  in  the  usual  form.     Thus,  to  divide  a^  by  u"  we  have 


^.  a  fraction  which  is  not  in  the  lowest  terms,  for  it  may  be 
P^t  thus,  -^ — i  =  — ,  by  which  it  is  seen  that  it  has  in  both  its 


a  a 


t^Umerator  and  denominator  the  quantity  a\  which  cancel 

<7*  I 

^ach  other  (Art,  371),     Therefore,  -  =  -;  the  same  result 

a       a 

^s  before. 

426. — Extraction  of  Radical*. — We  have  seen  that  the 
Square  of  n  is  /i'  x  a'  =  a^ ',  oi  2  ^'  is  2  a"  x  2  a*  =  4^' ;  in  each 
case  the  square  is  obtained  by  doubling  the  exponent. 

To  obtain  the  square  root  the  converse  follows,  namely, 
take  half  of  the  exponent. 

Thus  the  square  root  of  a*  is  a*,  of  a*  is  a,  of  a*  is  a*. 

The  same  rule,  when  the  exponent  is  an  odd  number, 
gives  a  fractional  exponent,  thus :  the  square  root  of  a'  is  «* ; 
or,  of  a*,  is  «'.  So,  also,  the  square  root  of  rt,  or  a\  is  a\. 
Therefore,  wc  have  «*  =  \  a,  equals  the  square  root  of  a,  and 
the  cube  root  of  a'  =  a^  =:  Va, 

4-27. — lio^Htbniji. — We  have  seen  in  the  last  article  the 
nature  of  fractional  exponents.  Thus  the  square  root  of  a" 
equals  rt*,  which  may  be  put  a^^.  In  this  way  we  may  have 
an  exponent  of  any  fraction  whatever,  as  aH.  Between  the 
exponents  2  and  3,  we  may  have  any  number  of  fractional 
exponents  all  less  than  3  and  more  than  2.  So,  also,  the 
same  between  3  and  4,  or  any  other  two  consecutive  num- 
bers. 

The  consideration  of  fractional  exponents  or  indices  has 
led  to  the  making  of  a  series  of  decimal  numbers  called 
logarithms,  which  are  treated  in  the  manner  in  which  expo- 
nents are  treated  ;  namely— 

To  multiply  numbers  add  their  logarithtns. 

To  divide  mtmbers,  subtract  the  logarithm  of  the  divisor  from 
the  logarithm  of  the  dividend. 


426 
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To  raise  any  number  to  a  given  power ^  multiply  its  lo^ruk 
by  the  exponent  of  that  pozver. 

To  obtain  the  root  of  any  power,  divide  tlu  logarithm  of  tkt 
given  number  by  the  exponent  of  the  given  power. 

As  an  example  by  which  to  exemplify  the  use  of  ]o| 
rithms:  What  is  the  product  of  25  by  375? 

We  first  make  this  statement : 

Log,  of    25.  =  1. 
"     375-  =^2. 

Putting  at  the  left  of  the  decimal  point  the  integer  char- 
acteristie,  or  whole  number  of  the  logarithm  at  one  less  than 
the  number  of  figures  in  the  given  number  at  the  left  of  \U 
decimal  point. 

To  find  the  decimal  part  of  the  required  logarithm  we 
seek  in  a  book  of  Logarithms  (such  as  that  of  Law's,  in 
Wealc's  Series,  London)  in  the  column  of  numbers  for  the 
given  number  25,  or  250  (which  is  the  same  as  to  the  imn- 
fissn)  and  opposite  to  this  and  in  the  next  column  we  find 
7940  and  a  place  for  two  other  figures,  which  a  few  lines 
above  are  seen  to  be  39 :  annex  these  and  the  whole  number 
is  0-397940.     These  wc  place  as  below : 

Log.  of  25.  =  1.397940. 

Now,  to  find  the  logarithm  of  375,  the  other  factor,  wc 
turn  to  375  in  the  column  ol  numbers  and  find  the  figures 
opposite  to  it,  4031.  which  are  to  be  [jrcceded  by  57,  the  two 
figures  found  a  few  lines  above,  making  the  whole,  '5/4 
which  are  placed  as  below,  and  added  together. 


Log.  of   25-  =  1-397940 
"    375-  =  2-574031 

The  sum  =  3971971 

This  sum  is  the  logarithm  of  the  product.  To  find  the 
product,  we  seek  in  the  column  of  logarithms,  headed  0-. 
for  -971971,  the  decimal  part.     We  find  first  97,  the  first  two 
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Tgures,  and  a  little  below  seeking  for  1971,  the  remaining 
lour  figures,  we  Hnd  1740,  those  which  are  the  next  less, 
and  opposite  these,  to  the  left,  we  find  7,  and  above  93,  or 
together,  937 ;  these  are  the  first  three  figures  of  the  required 
product. 

For  the  fourth  figure  we  seek  in  the  horizontal  column 
opposite  7  and  1740  for  1971,  the  remaining  four  figures  of 
the  logarithm,  and  find  them  in  the  column  headed  5. 

This  figure  5  is  the  fourth  of  the  product  and  completes 
it,  as  there  are  only  four  figures  required  when  the  integer 
number  of  the   logarithm  is  3.     The  completed   statement 
I  therefore  is — 

[  Log.  of    25  •  =  1 .  397940. 

^^K  "    375- =  2.574031. 

Anothe 


9375  =  3-97I97I- 


What  is  the 


Another  example  in  the  use  of  logarithms. 
product  of  3957  by  94360? 

The  preliminary  statement,  as  explained  in  last  article,  u 


k 


Log.     3957  ^  3. 
"      94360  =  4. 


In  the  book  of  logarithms  seek  in  the  column  of  numbers 
for  3957.     In  the  first  column  wc  find  only  395,  and  opposite 
I    to  this,  in  the  next  column,  wc  find  a  blank  for  two  figures, 
I   above  which  are  found  59.    Take  these  two  figures  as  the 
first  two  of  the  mantissa,  or  decimal  part  of  the  required 
logarithm,  thus,  0-59.     Again,  opposite  395  and  in  the  col- 
umn headed  by  7  (the  fourth  figure  of  the  given  number), 
we  have  the  four  figures  7366,     These  are  to  be  annexed  to 
"  (0-59)  the  first  two  obtained.     The  decimal  part  of  the  loga- 
rithm, therefore,  is  0-597366. 
i         To  obtain  the  logarithm  for  94360,  the  other  given  num- 
'  ber,  wc  proceed  in  a  similar  manner,  and,  opposite  943,  we 
find  0-97;  then,  opposite  943  and  in  column   headed  6,  we 
I  find  4788,  or,  together,  the   logarithm    is   0-974788.      The 
whole  is  now  stated  thus — 
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Log.  of 


3957  =  3-597366 
94360  -  4-974788 


373382000  =  8-572154  =  sum  of  logs. 


The  two  logarithms  arc  here  added  together,  and  their  sum 
is  the  logarithm  of  the  product  of  the  two  given  factors.' 
The  number  corresponding  to  the  above  resultant  logarithm 
may  be  found  thus:  Look  in  the  column  headed  o  for  57, 
the  first  two  numbers  of  the  mantissa,  ihen  in  the  same 
column,  farther  down,  seek  2154^  the  other  four  figures 
the  mantissa:  or,  the  four  (1709)  which  are  the  next  Ic 
than  the  four  sought,  and  opposite  these  to  the  left,  in 
column  of  numbers,  will  be  found  573,  the  first  three  figures 
of  the  product  ;  opposite  these,  to  the  right,  seek  the  four 
figures  next  less  than  2154,  the  other  four  figures  of  the  man- 
tissa. These  are  found  in  the  column  headed  3  and  are 
2058.  The  3  at  the  head  of  the  column  is  the  fourth  figure 
in  the  product.  From  2154,  the  last  four  figures  of  thcraau- 
tissa,  deduct  the  above  2058,  or — 


Remainder, 


2154, 
2058, 


At  the  bottom  of  the  page,  opposite  the  next  less  number 
(3727)  to  that  contained  in  3733,  the  answer  already  found 
seek  the  number  next  less  to  the  above  remainder,  96.    Tlii^ 
is  92-8,  and  is  in  the  column  headed  8.     Then  8  is  the  nei 
number  in  the  product.     From  96  deduct  92 •  8,  and  multi- 
ply it  by  10,  or — 

96 
92-8 

3-2  X  10  =s  32. 

Then,  in  the  same  horizontal  column,  seek  for  32  or  its  nex^- 
less  number.     This  is  23  "2,  found  in  column  2.     This  2  istN^I 
next  figure  in  the  product.     Additional  figures  may  be  ob- 
tained by  the  table  of  proportional  parts,  but  they  cannot  be 
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cpcnded    upon    for  accuracy  beyond  two  or  three  figures. 
)iVe  therefore  arrest  the  process  here. 

The  product  requires  one  more  figure  than  the  integer  of 
:he  logarithm  indicates;  as  the  integer  is  8,  there  must  be 
nine  figures  in  the  product.  VVc  have  already  six;  to. make 
ihc  requisite  numbec  nine  \vc  annex  three  ciphers,  giving 
he  completed  product — 

3957  '<  94360  =  373382000. 

y  actual  multiplication  we  find  that  the  true  product  in  the 
a$t  article  is  373382520.  In  a  book  of  logarithms,  carried  to 
even  places,  the  required  result  is  found  to  be  373382500, 
rhich  is  more  nearly  exact. 

The  utility  of  logarithms  is  more  apparent  when  there 
ire  more  than  two  factors  to  be  multiplied,  as,  in  that  case, 
he  operation  is  performed  all  in  one  statement.      Thus : 
What  is  the  product  of  3-75.  432-95,  1712,  and  00327? 
The  statement  is  as  follows  : 


Log. 


o- 574031 
2.636438 

3  233504 

8'S»4548 

4.958521 

16 


Explanations  of  working  arc  given  more  in  detail  in  most  of 
the  books  of  logarithms. 

428. — Ooniplciing    the   fk|uaro   of   a    Blnomiul. — We 

have  seen  in  Art.  412  that  the  square  of  a  binomial  («■♦-*) 
equals  a*  4-  2  n^  +  fi* — a  trinomial — the  first  and  last  terms 
of  which  are  each  the  square  of  one  of  the  two  quantities, 
while  the  second  term  contains  the  second  quantity  multi- 
]>lied  by  twice  the  first  quantity — 

In  analytical  investigations  it  frequently  occurs  that  an 
xpression  will  be  obtained  which  may  be  reduced  to  this 
Omi : 


■  ^^Mimi-ssm- 


■dauas^^L 
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a*  +  m  a  b  ~  ft 


Til 


in  which  w  is  the  coefficient  of  the  second  terra,  and  a  andi^ 
are  two  quantities  represented  by  a  and  0  or  any  other  two 
symbols. 

A  comparison  of  this  expression  with  the  square  of  a  bi- 
nomial (112.)  contained  in  Art.  412,  shows  that  the  member 
at  the  left  comprises  two  out  of  the  three  terms  of  thesquare_ 
of  a  binomial;  as  thus — 


-^  2  ab  +  b\ 


^^ 


but  with  a  coefficient  m  instead  of  2.  It  is  desirable,  as  will 
be  seen,  to  ascertain  a  proper  third  terra  for  the  given  ex- 
pression ;  or,  as  it  is  termed,  "  to  complete  the  square."  The 
method  bv  which  this  is  done  will  now  be  shown. 

A  consideration  of  the  above  trinomial  shows  that  the 
third  term  is  equal  to  the  square  of  the  quotient  obtained  by 
tlividing  the  second  term  by  twice  the  square  root  of  the 
fi  rst  \  or — 


/2  abV 


Now  a  third  term  to  the  above  binomial,  equation  (1 18.),  tnay 
be  obtained  by  this  same  rule.     For  example — 


/ma  by        fmbV 

IttJ  =  \-2-)  • 


^ 


The  rule  for  the  third  term  then  is:  DiviJe  the srcvnd term 
by  twice  the  square  root  of  t  lie  first,  and  square  the  quotient. 

As  an  example,  let  it  be  required  to  find  the  third  tc 
required  to  complete  the  square  in  the  expression — 


6  ?/  X  +  4  X*  =  /, 


I 


in  which  n  and  /  arc  known  quantities  and  x  unknown. 
Putting  it  in  this  form — 

4  x'  +  6  ff  ;r  =  /, 
and  dividing  by  4,  we  have — 
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which  reduces  to — 


.     6  / 

X*  +  -  nx  =  -, 
4  4 


-'+!«-={ 


Now  applying  the  above  rule  for  finding  the  third  term,  we 
have — 


which  is  the  required  third  term.  To  complete  the  square 
we  add  this  third  term  to  both  members  of  the  above  re- 
duced expression,  and  have — 

The  member  of  this  expression  at  the  left  is  the  completed 
square  of  a  binomial,  the  two  quantities  constituting  which 
are  the  square  roots  of  the  first  and  third  terms  respectively  ; 
or  X  and  |  «,  and  we  therefore  have — 

2  ^4     -^  4 

and  now  taking  the  square  root  of  both  sides  of  the  expres- 
sion, we  have — 


.i_//,(3_„)- 


X    . 

4 


and,  by  transferring  the  second  quantity  to  the  right  mem- 
ber,, we  have — 


-vz-^e-")'-!-- 


an  expression  m  which  x,  the  unknown  quantity,  is  made  to 
stand' alone  and  equal  to  known  quantities. 

The  process  of  completing  the  square  is  useful,  as  has 
been  shown>  in  developing  the  value  of  an  unknown  quan- 
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tity  where  it  enters  into  an  expression  in  two  forms,  one  as 
the  square  of  the  other. 

As  an  example  to  test  the  above  result,  let/  =  256  and 
«  =  8.  Then  we  have  by  the  last  expression  for  the  value 
of  jr — 


'^     4    ^  V4       /       4 


=   V^  36  -  6, 
=   |/  100  —  6, 

X  =  10  —  6  =  4. 

Now  this  value  of  x  may  be  tested  in  the  original  cxprcs-' 
sion — 

6  nx  ^    4x^  =  /, 

for  which  we  have — 

6x8>:4  +  4x4'=/, 

192  +  64  =  /, 

256=/; 

the  correct  value  as  above. 


PROGRESSION. 

4'29« — Aritlimctlcttl  Progrcsston. — In  a  series  of  num 
bers,  as  i,  3,  $,  7,9,  etc.,  proceeding  in  regular  order,  in- 
creasing by  a  common  difference,  the  series  is  called  an 
arithmetical  progression  ;  the  quantity  by  which  one  num- 
ber is  increased  beyond  the  preceding  one  is  termed  the 
difference.  If  f/  represent  the  difference  and  a  the  first  term, 
then  the  progression  may  be  stated  thus — 


Terms — 


3. 
a 


2d, 


4» 


S,  _ 

a  4-  4*f,  etc 


J 


The  coefficient  of  d  is  equal  to  the  number  of  terms  preced- 
ing the  one  in  which  it  occupies  a  place.  Thus  the  fifth 
term  is  ^  -^  4cf,  in  which  the  coefficient  4  equals  the  number 
of  the  preceding  terms. 

From  this  we  learn  the  rule  by  which  at  once  to  dcsig^ 
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nate  any  term  without  finding  all  the  preceding  terms.  For 
the  one  hundredth  term  we  should  have  a  -\-  gf)dr  or,  if  the 
number  of  terms  be  represented  by  n,  then  the  last  term 
would  be  represented  by — 


I  =  a  +  {h  —  i)d. 


(119) 


For  example,  in  a  progression  where  a,  the  first  term,  equals 
I,  d  the  difference,  2,  and  «,  the  number  of  terms,  90,  the  last 
term  will  be— 

I  =.  a  -t  {h  ~  1)  f/  =  I  +  (90  —  l)  2  =  179, 

Therefore,  to  find  the  last  term : 

To  the  first  term  add  the  product  of  the  common  difference 
into  the  number  of  terms  less  one. 

By  a  transposition  of  the  terms  in  the  above  expression, 
so  as  to  give  it  this  form — 


rt  =  /  -  (»  -  t)  ^, 


((20.) 


we  have  a  rule  by  which  to  find  the  first  term,  which,  in 
words,  is — 

Multiply  the  number  of  terms  less  one  by  the  common  differ- 
ence, and  deduct  the  product  from  the  last  term;  the  remainder 
will  he  the  first  term. 

By  a  transposition  of  the  terms  of  the  former  expression 
to  this  form — 
1  I  —  a  =  {  n  —  1}  d, 


and  dividing  both  members  by  {n  —  i),  we  have — 

/-  a 


d  = 


«  -  I  • 


(121.) 


which  is  a  rule  for  the  common  difference,  and  which,  in 
words,  is — 

Subtract  the  first  term  from  the  last^  and  divide  the  remain- 
der by  the  number  of  terms  less  one  ;  tlie  quotient  will  be  the.  com 
mort  difference. 

Multiplying  both  members  of    the  equation    (121.)   by 
{n  —  t)  and  dividing  by  d,  we  obtain —  • 


I 
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«  —  I  = 


l-a 


Transferrins:  i  to  the  second  member,  we  have — 


/- 


n  — 


+  1 


(1220 


which  is  a  rule  for  finding  the  number  of  terms,  and  which, 
in  words,  is — 

Divide  the  difference  between  the  first  and  last  terms  by  ti 
common  difference ;  to  the  quotient  add  unity,  and  the  sum  vn 
be  the  number  of  terms. 

Thus  it  has  been  shown,  in  equations  (i  19,)  C'^oj^  (»2iJ[^ 
and  (122),  that  when,  of  the  four  quantities  in  arithmetic 
prog^ression,  any  three  are  given,  the  fourth  may  be  found. 

The  sum  of  the  terms  of  an  arithmetical  progression  inayl 
be  ascertained  by  adding  them  ;  but  it  may  also  be  had  by  a 
shorter  process.     If  the  terms  are  written  in  order  in  a  hori- 
zontal line,  and  then  repeated  in  another  horizontal  line  bc-j 
neath  the  first,  but  in  reversed  order,  as  follows: 


^    3'    5» 
15.  13.  n. 


9.  »».  >3.  »5» 
7,    5,    3t    i» 


16,  16,  16,  16,  16,  16,  i6»  16. 

and  the  vertical  columns  added,  the  sums  will  be  equal, 
this  case  the  sum  of  each  vertical  couple  is  16,  and  there 
8  couples;  hence  the  sum  of  these  8  couples  is  8  x  16  =  I2| 
And  in  general  the  sum  will  be  the  product  of  one  of  t1 
couples  into  the  number  of  couples.     It  will   be  observed 
that  the  first  couple  contains  the  first  and  last  terras,  I  MH 
15;  therefore  the  sum  of  the  double  series  is  equal  to  th?^ 
product    of    the  sum   of  the  first  and   last  terms   into  the 
number  of  terms.     Or  if  5  be  put  tu  represent  the  suqi  ol 
the  series,  we  shall  have — 

2  S  —  {a  ^  l)  n, 

and,  dividing  both  sides  by  2 — 
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Or,  in  words :  The  sum  of  an  arithmetical  series  equals  the  prod- 
uct of  the  sum  of  the  first  and  last  terms,  into  half  the  number 
of  terms, 

430i — Geometrical  Progrefislon.>— A  series  of  numbers, 
such  as  I,  2,  4,  8, 16,  32,  64,  128,  256,  etc.,  in  which  any  one 
of  the  terms  is  obtained  by  multiplying  the  preceding  one 
by  a  constant  quantity,  is  termed  a  Geometrical  Progression. 
The  constant  quantity  is  termed  the  common  Ratio,  and  is 
equal  to  any  term  divided  by  the  preceding  one.     Thus  in 

the  above  example  -3-  or  -  or  -  =  2,  equals  the  common  ra- 

tio  of  the  above  series.  In  the  series,  i,  3,  9,  27,  etc.,  we 
have  for  the  ratio — 

11  -9_l_  .. 
9   ~3~i  "'^' 

which  is  the  common  ratio  of  this  series. 
A  geometrical  series  may  be  put  thus : 

Terms:  i,     2,         3,  4; 

Progress. :  i,     1x3,  1x3x3,  1x3x3x3; 

or  thus — 

Terms:  i,   2,         3,         4: 

Progress. :  i,    i  x  3,  i  x  3  S  i  x  3 ' ; 

in  which  the  common  ratio,  in  this  case  3,  appears  in  each 
term  and  with  an  exponent  which  is  equal  to  the  number  of 
terms  preceding  that  in  which  it  occupies  a  place. 

If  the  first  term  be  represented  by  a  and  the  common  ra- 
tio by  r,  then  the  following  will  represent  any  geometrical 
progression — 

a,  ar,  ar^,  ar^,  ar*,€tc.  (124.) 

For  example,  let  «  =  2  and  r  =  4 ;  then  the  progression 
will  be — 

2,  8,  32,  128,  512,  etc. 
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If  r  =  unity,  then  when  0  =  2  the  pn^^ression  becomes- 

2,  2,  2,  2,  2,  etc.  ^ 

If  r  be  less  than  unity,  then  the  progression  will  be  a  d^ 
creasing  one. 

For  example,  let  a  =  2  and  r  =  i.    Then  we  have  far 
the  progression — 

^'  ^*  2*  4'  8*  i6'     ^' 

If  the  number  of  terms  be  represented  by  »,  and  the  last  by 
A  then  the  last  term  will  be — 

l—ar^'\  (125.) 

For  example,  let  n  equal  6,  then  the  progression  will  be— 

Terms:  i,        2,        3.        4,        5,        6; 

Progress.:       «,      ar,      ar*,    ar*f    ar\     ar^; 

in   which  the  exponent  of  the  last  term  equals  »  —  i  = 

6-1  =  5. 

If  5  be  put  for  the  sum  of  a  geometrical  progression,  we 
will  have — 

S  =  a  -i-  ar  +  ar*+ +  ar""*  +  ar^'\ 

Multiply  each  member  by  r,  then- 
ar =<ir+tfr'+  +  ar^'*  +  ^r""'  +  « r*. 

Subtract  the  upper  line  from  the  lower ;  then — 

5r=  rtr  +  ar'n- +  «r""*  +  ar^'*  +  ar\ 

S    =  a  +  ar  +  ar'  + +  ar""-'  +  ar""-* 

Sr  —  s=—a*  *  *        +ar*, 

Sr  —  s  ==  —  a  +  ar^t 

S{r  —  i)  =  —  a  +  a  r  ■  =  «  r  ■  —  «, 

•^  -     r  -  I    • 
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The  last  term  (equation  (125.))  equals  /=  a  r""*,  and  since 
«  r"  =  r  X  ^j  r"  ■ '  =  r /,  therefore^ — 

'    5= — .  (126.) 

r  — •  I  ^       ' 

Thus,  to  find  the  sum  of  a  geometrical  progression :  Multi' 
ply  the  last  term  by  the  ratio ;  from  the  product  deduct  the  first 
term^  and  divide  the  remainder  by  the  ratio  less  unity. 

For  example,  the  sum  of  the  geometrical  progression — 

5  =  I  +  3  +  9  +  27  +  81  +  243  +  729  =  1093    \ 

by  actual  addition. 

To  obtain  it  by  the  above  rule — 


^       rl  —  a       3  X  729  —  I       . 
•^=7'=T=      3-1      =^Q93> 

the  correct  result. 

If  there  be  a  decreasing  geometrical  progression,  as  i,  ^, 
i»  iV.  etc.,  in  which  the  ratio  equals  ^,  the  sura  will  be — 

o  III         I  .  n  - 

S=i   •T^--^  —  +^.  etc.,  to  mfinity. 
3  27        01 

Multiply  this  by  3,  and  subtract  the  first  from  the  last — 

e,  I  I  I  I  .     o     . 

35  =  3  +  1+-  +  -  +  —  +  -gY  + to  mfinity. 

2  5  =  3,  or  5  =  i^. 
In  a  decreasing  progression  let  r,  the  common  ratio,  be 
represented  by  -  {b  less  than  c),  and  the  first  term  by  a,  then 
the  sum  will  be — 

b  b*         b*  .  ^   . 

S  =  a  +  a  —  +  a-  +  a^+,  etc.,  to  mfinity. 
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Multiply  this  by  -  and  subtract  the  product  from  tbe 
above — 

o-=<i-  +  <i3  +  aj  +  etc.,  to  innmty. 

b         ^         *■  .  ^  . 

^  =  a4-a  —  +  a~%-k-a^  +  to  mfinity. 

o-  =  <i-  +  a-5  +  a^  +  to  innnity. 

5  — 5-  =  tf*         *         * 
c 


Or-  5(.-^)=a, 


<7 


For  example,  let  the  first  term  of  a  geometrical  progressioD 
equal  2,  and  the  ratio  equal  i,  then  the  sum  will  be — 

a  24 

~  T^~  i  =7=4. 

From  this,  therefore,  we  have  this  rule  for  the  sum  of  an  in- 
finite geometrical  progression,  namely  ;  Divide  t/u  first  term 
by  unity  less  tJu  ratio. 


SECTION  X.— POLYGONS. 

43 1  ■ — Relation  of  Sum  and  Dlllterence  of  Two  lilne*. — 

Let  A  B  and  CD  {Fig.  285)  be  two  given  lines ;  make  E  H 


-B 


c ' D 


F 
Fig.  285. 

equal  to  A  By  and  HG  equal  to  CD\  then  £ G^  equals  the 
sum  of  the  two  lines. 

Make  FG  equal  to  A  By  which  is  equal  to  EH. 

Bisect  EGmJ'y  then,  also,  J  bisects  HF;  for — 

Ey  =  yG, 

and — 

EH=FG. 

Subtract  the  latter  from  the  former ;  then — 

Ey-EH=yG-FG'y 
but— 

Ey-EH=Hyy 
and — 

yG-FG  =  yF'y 
therefore — 

Hy=yF. 

Now,  E  y  IS  half  the  sum  of  the  two  lines,  and  Hy  '\s  half 
the  difference ;  and — 

EJ-Hy^EH^zAB. 

Or :  Half  tJu  sum  of  two  quantities^  minus  lialf  their  dif- 
ferencty  equals  the  smaller  of  the  two  quantities. 
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Let  the  shorter  line  be  designated  by  a,  and  the  longer 
by  b ;  then  the  proposition  is  expressed  by — 


a  ,= 


a  -¥  b      b  —  a 


(128. 


We  also  have  Ey-¥jF-EF=CD\  orjialf  thim 
of  two  qiiantitits^  plus  luilf  tluir  difference^  equals  the  larger 
quantity. 

432. — Perpendicular^   In  Trfanfl;lo  of  Known  Slde*.- 

Let  ABC  {Fig-  286)  be  the  given  triangle,  and  C E  a  pcr[icn- 
dicular  let  fall  upon  A  B^  the  base.     Let  the  several  lines  of 


i 


Fig.  z86: 


the  figure  be  represented  by  the  symbols  a^  b,  c,  d,  g,  and  /, 
as  shown.  Then,  since  A  EC  and  BEC  are  right-angled 
triangles,  we  have  {Art,  416)  the  following  two  equations, 
and,  by  subtracting  one  from  the  other,  the  third — 

f^  +  d^  =  a\ 


r-g^^a^-b\ 
Then  {Art.  414),  by  substitution,  we  have — 

By  division  we  obtain — 
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According  to  Art.  431,  equation  (128.),  we  have — 

f  +  g  __f-g 
^2  2     ' 

In  this  expression  let  the  value  of/  — ^,  as  above,  be, 
^**J>Stituted,  then  we  will  have — 

3Iultiply  the  first  fraction  by  (/  +  g),  then  join  the  two 
'''^^::tions,  when  we  will  have — 

^  n/+g) 

The  lines  /  and  ^,  in  the  figure^  together  equal  the  line 
^  »    therefore,  by  substitution — 

g=  —  —-77-^ '  (»29-) 

This  is  the  value  of  the  line  g. 

It  may  be  expressed  in  words,  thus :  The  shorter  of  the 
two  parts  into  which  the  base  of  a  triangle  is  divided  by  a 
perpendicular  let  fall  from  the  apex  upon  the  base,  egua/s  the 
quotient  arising  from  a  division  by  twice  the  base,  of  tlu  differ- 
ence between  the  square  of  the  base  and  the  product  of  the  sum 
and  difference  of  the  two  inclined  lines. 

As  an  example  to  show  the  application  of  this  rule,  let 
a  =  9,  ^  =  6,  and  <:  =  12  ;  then  equation  (129.)  becomes — 

^  12' -(9  -^  6)  (9  -  6) 

^  2  X  12 

a-  ^44-  iTx"3 
^  ^4  ' 

^    ^24      *8 
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Now,  to  obtain  the  length  oiii,  the  perpendicular,  by  the 
figure,  we. have — 


and,  extracting  the  square  root — 


d=Vb*-g\  (13a) 

or,  in  words  5  The  altitude  of  a  triangle  equals  t/te  square  root 
of  the  difference  of  t/ie  squares  of  one  of  the  inclined  sides  and 
its  base. 

As  an  example,  take  the  same  dimensions  as  before,  then 
equation  (130.)  becomes — 


d=^6*-Ar¥' 

The  square  of  6   =  36' 

"        "  4i=  17-015625 

6'-4i'=  1^8.984375, 
the  square  root  of  which  is  4'44234;  therefore — 


^='♦^6'- 41' =  4.44234. 

This  may  be  tested  by  applying  the  rule  to  the  other  in- 
clined side  and  its  base- 


Then, 


c   = 

12 

g  = 

4i 

/= 

7h 

^=i^9 

'-7F, 

9*  = 

81. 

7F  = 

62.015625 

9'-7F=  18.9843K. 


TRIGON — RADIUS  OF  CIRCLES. 
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he  same  result  as  before,  producing  for  its  square  root 
le  same,  4-44234,  the  value  of  d\  therefore — 


flr=  4/9  »_7|«  =  4.44234. 


433. — Tiivon:  Radius  of  Circumscribed  and  Inscribed 
[Ircles:  Area. — Let  ABC  {Fig.  287)  be  a  given  trigon  or 
oriangle  with  its  circumscribed  and  inscribed  circles.  Draw 
the  lines  ADF.DB^ndDC. 

The  three  triangles,  A  B  D,  A  CD,  and  B  D  C,  have  their 
^xes  converging  at  A  and  form  there  the  three  angles, 
A  DB,  ADC,  and  B  D  C.    These  three  angles  together  form 


ur  right  angles  {Art.  335),  and  each  of  them,  therefore, 
[uals  I  of  a  rij^ht  angle. 

The  angles  of  the  triangle  BDC  together  equal  two 
jht  angles  \Art.  345).     As  above,  the  angle  BDC  equals  \ 

a  right  angle,  hence  2  —  f=^jA  =  fof  a  right  angle, 
uals  the  sum  of  the  two  remaining  angles  at  B  and  C. 
le  triangle  BDC  is  isoceles  {Art.  338);  for  the  two  sides 
D  and  D  C,  being  radii,  are  equal ;  therefore  the  two  angles 

the  base  B  and  C  are  equal,  and  as  their  sum,  as  above, 
uals  f  of  a  right  angle,  therefore  each  angle  equals  |  of  a 
jht  angle.     Draw  the  two  lines  FC  and  FB.    Now,  be- 
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cause  D  C  and  D  F  are  radii,  they  are  equal,  hence  DFC\ 
an  jsoceles  triangle. 

It  was  before  shown  that  the  angle  i?  Z)  C  equals  |  of  a 
right  angle;  now,  since  the  diameter  A  F  bisects  the  chord 
BC,  the  angles  B D E  and  ED  C  arc  equal,  and  each  equals 
the  half  of  the  angle  B  D  C\  or,  |  of  |  of  a  right  angle  equals 
■f  of  a  right  angle.  Deducting  this  from  two  right  angles 
(the  sum  of  the  three  angles  of  the  triangle),  or  2  —  |  = 
i^  =  I  of  a  right  angle  equals  the  sum  of  the  angles  at  /^and 
C\  hence  each  equals  the  half  of  |,  or  f  of  a  right  angle: 
therefore  the  triangle  DFC  is  equilateral.  The  triangles 
D B F^nd  DFC  ^re  equal.  The  angles  /?/?  Cand  B FC :xrt 
equal;  the  line  BC  \s  perpendicular  to  DF  and  bisects  it 
making  DE  and  EF  equal:  hence  DE  equals  half /?/*.  or 
DB,  radii  of  the  circumscribing  circle.  Therefore,  putting 
R  to  represent  B  D,  the  radius  of  the  circumscribing  circle, 
and  b  =  BC,  a  side  of  the  triangle  A  BC^hy  Art.  416,  we 
have — 

BD'=BE'+  DE\    \ 

Transferring  and  reducing — 

4    4 


l/e'  =  -b\ 


3433 


OaM 


Or,  T/if  Radius  of  the  circumscribing  circle  of  a  regular  tri^M 
or  equilateral  triangle^  equals  a  sitle  of  the  triangle  divided  by 
the  square  root  of  3. 


AREA   OF   EQUILATERAL  TRIANGLE. 


By   reference  to  Fig.  287  it   will   be  observed,   as   was 

>ove  shown,  that  D  E  =  E  F= = ;  or,  D E,  the ra- 

ius  of  the  inscribed  circle,  equals  half  the   radius  of  the 
Ircumscribed  circle  ;  or,  again,  dividing  equation  (131.)  by 
we  have — 

R^  b 

2 


nd,  putting  r 
lave — 


2  1/3 
for  the   radius  of  the  inscribed   circle,  we 

(132.) 


^3 


Pr:  Tke  radius  of  the  inscribed  circic  of  a  regular  trigon  equals 
\he  half  of  a  side  of  the  trigon  'divided  by  the  square  root  of  3. 
To  obtain  the  area  of  a  trigon  or  equilateral  triangle ;  we 
have  {Art.  408)  the  area  of  a  parallelogram  by  multiplying 
Its  base  into  its  height;  arid  {Arts.  341  and  342)  the  area  of  a 
triangle  is  eqii^il  to  half  that  of  a  parallelogram  of  equal  base 
and  height,  therefore,  the  area  of  the  triangle  B  D  0{Fig.  287) 
s  obtained  by  raultiplying  BC^  tHe  base,  into  the  half  of 
£/?,  its  height.     Or,  when  A'' is  put  for  the  area — 

ED 


N^  BC^ 


w  — 

mis 


R^ 

4 


N=bx 
tituting  for  R  its  value  (131.) — 

b 


N=^by, 


N  = 


4  V  3 


4  V  3 


This  is  the  area  of  the  triangle  BDC. 

The  triangle  A  B  C  \'a  compounded  of  three  equal  tri- 
mgles,  one  of  which  is  the  triangle  BDC\  therefore  the 
irea  of  the  triangle  A  B  C  equals  three  times  the  area  of  the 
riangle  B DC\  or,  when  A  represents  the  area — 
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A  = 


4  1/3  : 


(1330 1 


Or:  The  arra  of   a   regular  trigori  or  equilateral    triai\ 
c<\u^\s.i/irce  foiirihs  of  the  square  of  a  side  of  the  triangle  S- 
vidcd  by  the  square  root  of  3. 

434. — Tt^trftsan  :    RadluM   of    nrcuniHcrlbed    and 
scribed  Circles:  Area.— Let  A  B  CD  {Fig.  2S8)   be  a  give 
tetragon  or  square,  with    its  circumscribed  and  inscribed 


3 


Fic.  388. 

circles,  of  which  A  E  is  the  radius  of  the  former  and  ^/^that 
of  the  latter.  The  point  F  bisects  A  B,  the  side  of  the 
square.  A  /^equals  £ F  and  equals  half  A  By  a  side  of  the 
square.  Putting  R  for  the  radius  of  the  circumscribed 
circle  and  b  for  A  B,  we  have  {Art.  416)— 

AE^^AF''-^EF\ 

^•=(l)M4y-(l)'=T^=4-- 


b_ 

VT 


Or :  The  radius  of  the  circumscribed  circle  of  a  regular  tetra- 
gon ec{uals  <7  side  of  the  square  divided  by  the  square  root  of  2- 


Ia  uf  II  ex  ago 


ferring  to  the  fiiujurc  it  will  be  seen  that  the  radius 
inscribed  circle  equals  htxlf  n  side  of  tin-  stjuarc — 


r  = 


(135.) 


»  2 

The  area  of  the  square  equals  the  square  of  a  side — 

A=b\  (136.J 

435.  —  Hexagon :  Radlui  of  Clrrnrntcrlbed  and  In- 
•CTibrd  Circle* :  Area.— Let  ^  /?  C D  E  F{Fig.  2S9)  be  an  equi- 
tatcral  hexagon  with  its  circumscribed  and  inscribed  circles, 
of  which  EG  is  the  radius  of  the  former,  and  6^ //that  of 
the  latter.     The  three  lines.  AD,  BE,Vix\A  C-F,  divide  the 


Fig.  289. 

hexagon  into  six  equal  trianjjles  with  their  apexes  converg- 
ing at  G.  The  six  angles  thus  formed  at  (r  are  equal,  and 
since  their  sum  about  the  point  G  amounts  to  four  right 
angles  (Art.  335),  therefore  each  angle  equals  |  or  |  of  a 
right  angle.  The  sides  of  the  six  triangles  nidiating  from  G 
the  radii  of  the  circle,  hence  they  arc  equal ;  therefore, 
ich  of  the  triangles  is  isosceles  (Art.  338^.  having  equal  angles 
at  the  base.  In  the  triangle  EG D,  the  sum  of  the  three 
angles  being  equal  to  two  right  angles  {Art,  345),  and  the 
angle  at  6'b<;ing,as  above  shown, equal  to  i  of  a  right  angle, 
therefore  the  sum  of  the  two  angles  at  E  and  D  equals 
2  —  I  =  I  of  a  right  angle ;  and,  since  they  equal  each  other, 
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therefore  each  equals  |  of  a  right  angle  and  equals  the 
at  G \  therefore  EGD  is   an   equilateral   triangle.     Hca( 
E  D,  2i  side  of  a  hexagon,  eqttais  E  G,  the  radius  of  the  circum- 
scribing circle — 

R:=.b.  {^n^ 

As  to  the  radius  of  the  inscribed  circle,  represented  by  G . 
a  perpendicular  from  the  centre  upon  ED,  the  base;  the 
point // bisects  ED.  Therefore,  £/f  equals  half  of  aside 
of  the  hexagon,  equals  half  the  radius  of  the  circumscribing 
circle.  Let  R  —  this  radius,  and  r  the  radius  of  the  inscribed 
circle,  while  ^  =  a  side  of  the  hexagon  ;  then  we  have  {Arts. 
353  and  416)— 

GH^=EG^~EH\ 


r^  =  R'--\R'  =  \R\ 


/i^- 


Now,  R^  b,  therefore — 


V3 


=  /*^"'Vt'^"^''^'^*' 


r=,J±. 


(138.) 


Or :  The  radius  of  the  inscribed  circle  of  a  regular  hcxa^ 
equals  the  half  of  a  side  of  the  hexagon,  multiplied  bjf  tk 
square  root  of  3. 

As  to  the  area  of  the  hexagon,  it  will  be  observed  that 
six  triangles,  A  B  G,  B  G  C,  etc.,  converging  at  G,  the  cenlr 
are  together  equal  to  the  area  of  the  hexagon.     The  area 
EGD,  one  of  these  triangles,  is  equal  to  the  product  of  ED7 
the  base,  into  the  half  of  G N,  the  perpendicular;  or,  whcn^ 
A'' is  put  to  equal  the  area — 
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I,  since  r,  as  above,  equals  ^  3  — , 

2 


N=bx 


^i\ 


=  ^x  ^'Zf' 


4 

is  is  the  area  of  one  of  the  six  equal  triangles ;  therefore, 
en  A  is  put  to  represent  the  area  of  the  hexagon,  we  have — 

^   4 


A=^  VI 


3^' 


(I39-) 


:  The  area  of  a  regular  hexagon  equals  three  fialves  of  tJie 
are  of  a  side  multiplied  by  the  square  root  of  y 


Fig.  290. 

436a — Oetagon:  Radias  of  Circnniflertbed  and  In* 
nied  Circlet t  Area. — Let  CEDBF{Fig.  290)  represent  a 
irter  of  a  regular  octagon,  in  which  F  is  the  centre,  E  D 
ide,  and  C E  and  DB  each  half  a  side,  while  C F  and 
♦"are  radii  of  the  inscribed  circle,  and  EF  and  D F  are 
lii  of  the  circumscribed  circle. 
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Let  R  represent  the  latter,  and  r  the  former ;  also  let  I 
represent  EB^  one  of  the  sides,  and  n  be  put  for  AJ),9Bd 
for  A  E.    Then  we  have — 


AD^-DB 

=  CR 

b 

r. 

«  =  r  — 

b 

>  *^  • 

2 

or — 

Since  ADEisa.  right-angled  triangle  {Art.  416),  we  have— 
AE*+AD'  =  ED\ 
n*^.n*  =  b\ 

2 


,=/!!. 


Placing  the  value  of  n,  equal  to  the  value  before  found, 
we  have — 


2  2 

b      b      (  \        \\. 
yj     2      \  |/2      2) 

This  coefficient  may  be  reduced  by  multiplying  the  first 
fraction  by  V^,  thus — 

1        ^  __  V2 

'f2         ^~2  2       * 
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therefore —  _ 

Vi      I  \  X.       ^+ 


V   2        2/  2 


r=(V2  +  i)— .  (140.) 

Or :  The  radius  of  the  inscribed  circle  of  a  regular  octagon 
equals  half  a  side  of  the  octagon  multiplied  by  the  sum  of  unity 
plus  the  square  root  of  2.  In  regard  to  the  radius  of  the  cir- 
cumscribed circle,  by  -^r/.  416  we  have — 

DF*-BF*^DB\ 

In  this  expression  substituting  for  r',  its  value  as  above,  we 
have — 

..  =  (vr..)-(4)^(4)' 

i?'=[(*^2+  i)'+i](-|-y. 

The  square  of  the  coefficient  ( 1^2  +  i )  by  Art.  412  equals 
2  +  2V2+1  =  2  1^2  +  3,  then — 


i?='=[(2i^+3)+i](4-y- 
^«=(2VjH-4)(4-y- 

^=|/2i^+4— .  (141.) 


Or :  The  radius  of  the  circumscribed  circle  of  a  regular  octagon 
equals  half  a  side  of  the  octagon  multiplied  by  tlte  square  root  of 
the  sum  of  twice  the  square  root  of  2  plus  4. 

In  regard  to  the  area  of  the  octagon,  the  figure  shows' 
that  one  eighth  of  it  is  contained  in  the  triangle  DEF, 
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The  area  oi  D  E  F^  putting  it  equal  to  Ny  is— 

N=  EDx—-, 

2 


N=  dx  — 

2 


N=  {V'i-i-  I) 


This  is  the  area  of  one  eighth  of  the  octagon ;  the  whole 
area,  therefore,  is — 

/  4 

A  =(4/2+1)2^.  (142.) 

Or:  The  area  of  a  regular  octagon  equals  twice  the  square  of  a 
side,  multiplied  by  the  suvi  of  the  square  root  of  2  added  to  unity. 
When  a  side  of  the  enclosing  square,  or  diameter  of  the 
inscribed  circle,  is  given,  a  side  of  the  octagon  may  be  found ; 
for  from  equation  (140.),  multiplying  by  two,  we  have — 

2  r  —  (  i^2  +  i)  b. 
Dividing  by  4  2  +  i,  gives — 

^  =  -^^-.  (143.) 

4  2+1 

The  numerator,  2  r,  equals  the  diameter  of  the  inscribed 
circle,  or  a  side  of  the  enclosing  square ;  therefore : 

The  side  of  a  regular  octagon,  equals  a  side  of  the  enclosing 
square  diinded  by  the  sum  of  the  square  root  of  2  added  to  unity. 

437.— IN»decaf  on :  Badius  of  Clreamtcribed  and  !■• 
Horibed  Circlet:  Area. — Let  A  B  C {Fig.  291)  be  an  equilat- 
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eral  triangle.  Bisect  AB  in  F;  draw  CFD ;  with  radius  A  C 
describe  the  arc  A  DB.  Join  A  and  Z>,  also  D  and  B  ;  bisect 
AD'xvi  E\  with  the  radius  E  C  describe  the  arc  E  G.  Then 
A  D  and  D  B  are  sides  of  a  regular  dodecagon,  or  twelve- 
sided  polygon ;  of  which  AC,  D  C,  and  B  C  are  radii  of  the 
circumscribing  circle,  while  £"  C  is  a  radius  of  the  inscribed 
circle. 

The  line  ^  ^  is  the  side  of  a  regular  hexagon  {Art.  435). 
Putting  R  equal  \.o  A  C  the  radius  of  the  circumscribing  cir- 
cle ;  r,  =■  EC,  the  radius  of  the  inscribed  circle  \  b,  =  A D,  3i 
side  of  the  dodecagon,  and  n  =  DF.    Then  comparing  the 


Fig.  291. 

homologous  triangles,  AD  F  and  A  EC  (the  angle  ADF 
equals  the  angle  EAC,  and  the  angles  DFA  and  A  EC  are 
right  angles);  therefore,  the  two  remaining  angles  DAF 
and  ACE  myx&th^  equal,  and  the  two  triangles  homologous 
{Art.  345).    Thus  we  have — 

DF  '.  DA  ::  AE  :  AC, 


tt  :  6  ::-:  R, 

2 


R^ 


2n 
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In  ArU  435  it  was  shown  that  FC  {Fig*  291),  or  GHd 

Fig,  289,  the  radius  of  the  inscribed  hexagon,  equals  V^  j« 

R 

and  in  which  its  *  =  /? ;  Ff  =  |/7— , 

Now  ( Fig.  291) — 

DF=DC'^FC, 
or — 

Substituting  this  value  of  »,  in  the  above  expression,  we 
have — 

n  ^' 

2  i?  (I  -  i  i^l)" 

Multiplying  by  i?  and  reducing,  we  have— 


je>  = 


^3' 


R  =  |/— L_  *.  (144.) 

2-1/3 

Or :  The  radius  of  the  circumscribed  circle  of  a  regular  rfw5?^ 
tf^»,  equals  a  side  of  the  dodecagon  multiplied  by  the  squart 
root  of  a  fraction^  having  unity  for  its  numerator  and  for  its 
denominator  2  minus  the  square  root  of  3. 

Comparing  the  same  triangles,  as  above,  we  have— 


or — 


FD  ;  FA 

::  EA 

;  EC, 

R 

b 

'  '     2  ' 

r, 

Rb 
4« 

Rb 

r  = 


.4-2  VJ* 


(145.) 
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Or:  The  radius  of  the  inscribed c'itcXg  of  a  regular  dodecagon 
equals  a  side  of  the  dodecagon  diviiied  by  the  difference  between 
4  and  the  square  root  of  3, 

The  area  of  a  dodecagon  is  equal  to  twelve  times  the  area 
of  the  triangle  A  D  C  [Fig.  291).  The  area  of  this  triangle  is 
equal  to  half  the  base  by  its  perpendicular;  or,  A  E  x£C\ 
or — 


X  r, 


or,  where  A'^  equals  the  area — 

N=^br. 

Or,  for  the  area  of  the  whole  dodecagon — 

I  i2N  =  6br, 

~^  A  =6br. 


ituting  for  r  its  value  as  above,  we  have — 

6 


A  = 


4-2  4/3 


:^  b\ 


(146.) 


Or :  The  area  of  a  regular  dodecagon  equals  the  square  of  a 
side  of  the  dodecagon,  multiplied  by  a  fraction  having  6  for  its 
numerator,  and  for  its  denominator^  4  minus  twice  the  square 
root  of  }^. 


438i — nccRdecagon  :  Rudliii  or  rircuiiiM*rtbcd  and  In* 
scribed  Clrclcn :  Area.— Let  A  B  CD  {Fig.  292}  be  a  square 
enclosing  a  quarter  of  a  regular  octagon  C E  FB,  E  F  being 
one  of  its  sides,  and  C E  and  FB  each  hall  a  side,  while  FD 
is  the  radius  of  the  circumscribed  circle,  and  7  D  the  radius 
of  the  inscribed  circle  f)f  the  octagon.  Draw  the  diagonal 
AD\  with  D F [or  radius,  describe  the  circumscribed  circle 
EGF\  join  G  with  F  and  with  E\  then  EG  and  6^ F will 
each  be  a  side  of  a  regular  hecadecagon,  or  polygon  of  six- 
teen sides. 

An  expression  for  F D,  the  radius  of  the  circumscribed 
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circle^  may  be  obtained  thus:  Putting  FD  =  R\  HD^r\ 
GF=b\  Gy=  n;  and  3^F=z^  (y4r/.  416),  we  have— 

G^y  =  GF*-^yF*, 


Fig.  292 


Comparing  the  two  homologous  {Art.  361)  triangles,  GJF 
and  FHD  {Art.  374),  we  have — 

Gy  :  GF  ::  HF  :  FD, 

n  :    b     '.:     -    :  R, 


n  = 


»»  = 


2R' 
b* 
4^'* 


Putting  this  value  of  «*  in  an  equation  against  the  former 
value,  we  have — 

In  Art.  436,  the  value  of  F  D,  as  the  radius  of  the  cir- 
cumscribed circle  of  a  regular  octagon,  is  given  in  equation 
(141.)  as — 

R=^2V2  +  4-» 

2 
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a  which  h  represents  a  side  of  the  octagon,  or  EF,  for 
rhich  we  have  put  s.  Substituting  s  for  b  and  putting  the 
lumerical  coefficient  under  the  radical,  equal  to  B^  we 
lave — 

2 
Squaring  each  member  gives — 

.•=^(f-)-. 

From  which,  by  transposition,  we  have — 

Substituting  in  the  above  expression  for  (-  j  ,  this  value 
>f  it,  gives — 

aR'  B 

Transposmg,  we  have— 

4A**      B 

Multiplying  the  first  term  by  B,  and  the  second  by  4^', 
ire  have — 

a'BR*     4BR*         ' 

Bd*  +  4R*  _  ^, 
4BR*      -     ' 

By  +  4R*  =  4BR*6\ 

Transposing,  we  have — 

4R*^4BR*d*=:-Bd\ 
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To  complete  the  square  {Art,  428)  we  proceed  thtis^ 

R'  --  B  R'  b^  ^{^Bb'Y  =^  {\Bby  -  iBb\ 
Taking  the  square  root,  we  have — 


R*-^Bb^=¥iB''b*-^Bb\ 
R'=  ViB*b*-iBb*+  iBb\ 


R'  =  b'ViB'-iB  +  ^Bb\ 


R*  =  b\  V\B*-\B  +  i^), 


R*  =  b*{V\B{B-i)-^\B). 
Restoring  B  to  its  value,  2  4^2  +  4  as  above,  we  have- 

\B=\^/2-^   I, 

B  —  I  =  2i^+  3; 

2  +  24/2, 

3  +  I  ♦^2, 


multiply  these — 


^B{B-i)  =  5  +  |4^, 
^B  =  4^2"+ 2. 


Therefore- 


/?»=^«(^5  +lV'2  +  4/2  +  2), 


R  =  b)/ ^^\\^2^  4/2  +  2.         (I47-) 
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Or:  The  radius  of  the  circumscribed  circle  of  a  regular 
fcadccagon  equals  a  side  of  the  kecadccagon  multiplied  by  the 
ftizre  root  of  the  sum  of  two  quantities^  one  of  which  is  the 
f**are  root  of  2  added  to  2,  aud  the  other  is  the  square  root  of 
w^  sum  of  sex'CH  halves  of  the  square  root  of  2  added  to  5. 

To  obtain  the  radius  of  the  inscribed  circle  we  have  {Fig. 
92)— 

HD*=  FD*-  HF\ 


Substituting  for  /?'  its  value  as  above,  we  have — 

^^^    r*  =  *•[(  v{B{B-i)  -rii?)  -  an 


r=b^  V\B{B^  i)  ^iB  -  I 


The  coefficient  of  b  is  the  same  as  in  the  case  above,  ex- 
cept the  —  i;  therefore  its  numerical  value  will  be  1  less, 
3r — 


=  ^V^^S  +  i  i/2  +  V2+i|, 


(148). 


Or:  The  radius  oi  the  inscribed  circle  ol  a  TQgni2.r  hecadeca- 
fon  equals  a  si<le  of  the  hecadecagon  multiplied  by  the  square  root 
9f  two  quantities^  one  of  which  is  tlu!  square  root  of  2  added  to 
l^,  and  the  other  is  the  square  root  of  the  sum  of  seven  Italves  of 
the  square  root  of  2  added  to  5. 

To  obtain  the  area  of  the  hecadecagon  it  will  be  observed 
that  the  area  of  the  triangle  G  FD  {Fig.  292)  equals  ///>  x 
H Fy  and  that  this  is  the  ,'5  part  of  the  polygon;  we  there- 
fore have — 

A  =  \^HD  <  HF, 
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The  value  of  r  is  shown  in  (148.) ;  therefore  we  have — 


A  =  %b'\/  ^\  ^\  ^z  +  K'2^  If 


149) 


Or:  The  area  oi  a  reg^ular  hecadecagon  cquais  eight  imn 

the  square  of  its  side,  multiplied  by  the  square  root  of  two  qutinr 
titles,  one  of  which  is  the  square  root  of  2  added  to  if,  and  tht^ 
other  is  the  square  root  of  the  sum  of  seven  halves  of  the  squt. 
root  of  2  added  to  5. 

439.— PolyironN :  Radfupi  of  Clrcamscrlbed  and  Iniicrlbcd 
Circle*  :  Arctt« — In  Arjs.  433  to  458  the  relation  of  the  radii 
to  a  side  in  a  trigoii,  tetragon,  hexagon,  octagon,  dodeca- 
gon and  hecadecagon  have  been  shown  by  methods  based 


H    C 


1 

tH 


upon  geometrical  proportions.  This  relation  in  polygo 
of  seven,  nine,  ten,  eleven,  thirteen,  fourteen  and  fill 
sides,  cannot  be  so  readily  sliown  by  geometry,  but  can 
easily  obtained  by  trigonometry — as  also  said  relation  of 
parts  in  a  regular  polygon  of  any  number  of  sides.  The  na- 
ture of  trigonometrical  tables  is  discussed  in  Arts^  473  and 
474.  So  much  as  is  required  for  the  present  purp 
here  be  stated.  ^ 

Let  A  B  C  {Fig.  293)  represent  one  of  the  triangles  i 
which  anv  polygon  may  be  divided,  in  which  R  C  ^=-  b  — 
side  of  the  polygon ;  A  C  ■=  R  —  the  radius  of  the  circum- 
scribed circle  ;  and  A  D  ■==■  r  =-  the  radius  of  the  inscribed 
circle. 
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Make  E  C  equal  unity ;  on  C  as  a  centre  describe  the  arc 
R  F\  draw  FH  and  E  G  perpendicular  to  B  C,  or  parallel  to 
A  D ;  then  for  the  uses  of  trigonometry  E  G\s  called  the 
tangent  of  c,  or  of  the  angle  A  C B,  and  FH  \s  the  sim,  and 
HC  the  cosine  of  the  same  angle. 

These  trigonometrical  quantities  for  angles  varying  from 
zero  up  to  ninety  degrees  have  been  computed  and  are  to  be 
found  in  trigonometrical  tables. 

Referring  now  to  Fig.  293  we  have — 

HC  :  FC  :.  DC  '.  AC, 

b       „ 
cos.  c  \    I  :  :  -  :  R, 
2 

R  = —■  (150.) 

2  cos.  C  \  3^  J 

Again — 

EC  :  EG  ::  DC  :  AD, 

h 
I  :  tan.  <r  :  :  —  :  r, 

r=2tan.  r.  (151.) 

These  two  equations  give  the  required  radii  of  the  cir- 
cumscribed and  inscribed  circles.   They  may  be  stated  thus : 

The  radius  of  the  circumscribed  circle  of  any  regular  poly- 
gon equals  a  side  of  the  polygon  divided  by  twice  the  cosine  of 
the  angle  formed  by  a  side  of  the  polygon  and  a  radius  from  one 
end  of  tite  side. 

The  radius  of  the  inscribed  circle  of  any  regular  polygon 
equals  fialf  of  a  side  of  the  polygon  multiplied  by  the  tangent  of 
the  angle  formed  by  a  side  of  the  polygon  and  a  radius  from  one 
end  of  the  side. 

The  area  of  a  polygon  equals  the  area  of  the  triangle 
ABC  {Fig.  293),  (of  which  BC\s  one  side  of  the  polygon 
and  A  is  the  centre),  multiplied  by  the  number  of  sides  in 
the  polygon ;  or,  if  n  be  put  to  represent  the  number  of  the 
sides  and  A  the  area,  then  we  have — 
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A  =  Bn, 

in  which  B  equals  the  area  of  the  triangle.     The  area  of  A 
B  C  {Fig.  293)  is  equal  to  A  D  y.  B  D,  or — 


For  r  substituting  its  value,  as  in  ajuation  (151.),  we  havi 

•  B  =  -  tan.  f-  =  -  ^'  tan,  c. 

2  -       4 

Therefore,  by  substitution — 

A  —  -  b*  n  tan.  c.  (iS^) 

4 

Or:  The  area  of  a  regular  polygon  equals  the  square  of 
side  of  the  polygon,  multiplied  by  one  fourth  of  the  number  oj 
its  sides,  ami  by  the  tangent  of  the  angle  formed  by  a  side  of  tkt 
polygon,  and  a  radius  from  one  end  of  the  sides. 


440. — PoIyKOM*:  Their  Angles. —  Let  a  line  be  drawn 
from  each  angle  of  a  regular  polygon  to  its  centre,  then 
these  lines  form  with  each  other  angles  at  the  centre,  which 
taken  together  amount  to  four  right  angles,  or  to  360  de- 
grees (.^r/j.  327,  335). 

[f  this  360  degrees  be  divided  by  the  number  of  the  si 

of  the  polygon,  the  quotient  will  equal  the  angle  at  the  c 

tre  of  the  polygon,  of  each  triangle  formed  by  aside  and  t 

radii    drawn    from    the  ends  of  the  side.     For  example: 

A  B  C  {Fig.  293)  be  one  of  the  triangles  referred  to,  havi 

B  C  one  of  the  sides  of  the  polygon  and  the  point  A  the  cen 

tre  of  the  polygon,  then  the  angle  B A  Twill  be  equal  to 

degrees  divided  by  the  number  of  the  sides  of  the  polyg< 

If  the  polygon  has  six  sides,  then  the  angle  BA  6"  will  cont 

^60 

^-^  =  60  degrees ;  or  if  there  be  10  sides,  then  the  angle  at 

■^60 
A,  the  centre,  will  contain  -        =36  degrees.      The  an| 


ren- 
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B  A  Z>  equals  half  the  angle  BA  C,  or,  when  n  equals  the 
number  of  sides,  the  angle  BAC  equals — 

360 
n 

BA  C 
and  the  triangle  BAD  — ,  equals — 

360 

2«* 

Now  the  angles  B  A  D  +  D  B  A  equal  one  right  angle 
{Art.  346),  or  90  degrees.  Hence  the  angle  DBA  =90°  — 
BADfOr  the  angle  c  equals —  • 

,o  =  90°_i^.  (153.) 

For  example,  if  n  equal  6,  or  the  polygon  have  six  sides, 
then — 

"'  =  90°-^  =  90-30  =  6o°. 

Therefore,  the  an^/ec,  contained  in  equations  (150.),  (151.), 
and  (152.),  equals  go  degrees,  less  the  quotient  derived  from  a  di- 
vision of  360  by  twice  tlie  number  of  sides  to  the  polygon. 

441* — Pentagon:  Radius  of  the  Circumscribed  and  In- 
•crlbed  Circles:  Area.— The  rules  for  polygons  developed 
in  the  two  former  articles  will  here  be  exemplified  in  their 
application  to  the  case  of  a  regular  pentagon,  or  polygon  of 
five  sides. 

To  obtain  the  angle  c°  (i53-).  we  have  «  =  5,  and — 

For  the  radius  of  the  circumscribed  circle,  we  have 
(150.)— 

2  cos.  C 
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b 


R=^b 


2  COS.  54"^^ 

I 
2  COS.  54° 


Using  a  table  of  logarithmic  sines  and  tangents  (/!r/.  427), 
we  have — 

Log.  2  =0-3010300 
Cos.  54°  =  9-7692187 

Their  sum  =  0-0702487  —  subtracted  from 
Log.  I  =  0-0000000 

0-85065  =9-9297513 

Therefore — 

R  =  0-85065  b. 

Or :  The  radius  of  the  circumscribed  circle  of  a  regular /«•«/«- 
gon  equals  a  side  of  the  pentagon  multiplied  by  the  decirnal  O'Ss^S' 

For  the  radius  of  the  inscribed  circle,  we  have  (151-)— 

b 
r  =  ~  tan.  c. 


For  this  we  have — 

Log.  tan.  54°  =  0-1387390 
Log.  2  =  0-3010300 

0-68819  =  9-8377090. 
Therefore — 

r  =  0-68819^. 

Or:  The  radius  o{  the  inscribed  circle  oi  a  regulsur  pentagon 
equals  a  side  of  the  pentagon  multiplied  by  the  decimal  O-^^^^' 
For  the  area  we  have  (152.) — 

A  =^\b'^n  tan.  c, 

^  =  i  X  5  tan.  54''  b\ 

^=f  tan.  54"  <^'. 
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Therefore— 


For  this  wre  have — 

\^g.  5.  =  0-6989700 

Log.  tan.  54°  =  o.  1387390 

•  

0-8377090 
Log.  4  =  o« 6020600 


I  •  72048  =  o-  2356490 

A  =  I  -72048^*. 

Or:  The  ar^a  of  a  vq^wX^t  pnttagoti  equals  the  square  of  its 
}idi  multif>lied  by  i  •  72048. 

^42. —  Pol}-|r«inii:  Tabic  of  Coimtant  Iflnltlpllcn.  —  To 

obtain  expressions  lor  the  radii  of  the  circumscribed  and  in- 
icribed  circles,  and  for  the  area  for  polygons  of  7,  9,  10,  It, 
13,  14,  and  1 5  sides,  a  process  would  be  needed  such  pre- 
fciscl}'  as  that  just  shown  in  the  last  article  for  a  pentagon, 
except  in  the  value  of  n  and  r,  which  are  the  only  factors 
Rrbich  require  change  for  each  individual  case. 

No  useful  purpose,  therefore,  can  be  subserved  by  cx- 
ibiting  the  details  of  the  process  required  for  these  several 
lygons.  The  values  of  the  constants  required  for  the 
dii  and  for  the  areas  of  these  polygons  have  been  com- 
utcd.  and  the  results,  together  with  those  for  the  polygons 
atcd  in  former  articles,  gathered  in  the  annexed  Table  of 
^eg^lar  Polygons. 

REGULAR  POLYGONS. 


S10KS. 


7. 

9- 
la 
II 

13 

13- 
«4. 
«5- 

16. 


Trfgon... ,, -S???? 

Tetragon  '  1 
Penugoti 

Hexagon i  -ouuou 

H^pugon «.*.4...|  1*15238 

Oaairori.    s  x-yAtfi 

Non                                               I  1.46190 

n«"    '                                                ....)  r'6l8o3 

'   ■                                                   -. . . .  I ■ 7-473 

It'                                                            3-0)!«93() 

Ti-ii                                            !  1.24691) 

Pejjt...:^.  ..^   .,  s-40487 

H  ecad  ocagu  n  3-56  292 


•»8d68 

-50000 

M819 

•86603 

(  03826 

1-90711 

1  37374 
I -53884 
I • 70284 
I-8^«603 
3  02858 
219064 

2  35231 
2   51367 


•433'JI 
l-ooouo 
I • 72048 

3' 59808 

3  63391 

4- f 3843 

6-t8i83 

7  <">43l 

9-36564 

1119615 

13- 18577 

»5-3J45» 

17-64336 

90-10936 
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In  this  table  R  represents  the  radius  of  the  circumscribed 
circle ;  r  the  radius  of  the  inscribed  circle  ;  b  one  of  tlw 
sides,  and  A  the  area  of  the  polygon.  By  the  aid  of  the 
constants  of  this  table,  R,  the  radius  of  ttie  circumscribed 
circle  of  anv  of  the  polygons  named,  may  be  found  when  i 
side  of  the  polygon  is  given.  For  this  purpose,  puttin;^  m 
for  any  constant  of  the  table,  we  have — 


R  =  bm. 


(1 54-) 


As  an  example:  let  it  be  required  to  find  R,  for  a  penta- 
gon Imving  each  side  equal  to  5  feet :  then  the  above  expres- 
sion becomes — 

^  =  5  y  0-85065, 
/?  =  4-25325. 

The  radius  will  be  4  feet  3  inches  and  a  small  fraction. 
In  like  manner  the  radius  of  the  inscribed  circle  will  be— 


r  =  bm\  (155.; 

and  for  a  pentagon  with  sides  of  5  feet,  wc  have — 

r  =  5  X  0-68819, 
r  =  3-44095- 

Or,  the  radius  of  the  inscribed  circle  will  be  3  ft.  ^j^and  a 
small  fraction.  Or,  multiplying  the  decimal  by  12,  3  ft.  3  in. 
■^^  and  a  small  fraction. 

The  area  of  any  polygon  of  the  table  may  be  obtained 
by  this  expression^ 


A  =  b'tti: 


(156.) 


and,  applying  this  to  the  pentagon  as  before,  we  have — 

A  =  5  *  X  I  •  72048, 
A  =  43012. 
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>r,  the  area  of  a  pentagon  having  its  sides  equal  to  5  feet, 
i  43  feet  and  y^  of  a  foot. 

By  the  constants  of  the  table  a  side  of  any  of  its  poly- 
;ons  may  be  found,  when  either  of  the  radii,  or  the  area, 
re  known. 

When  R  is  known,  we  have — 


(1 570 


d  = 

R 

When  r  is 

known, 

,  we  have- 

- 

d  = 

r 
m' 

When  the 

area  is 

known,  we  have — 

m 


(158.) 


(159.) 


SECTION  XI.— THE  CIRCLE. 

443. — Clrelcft:  Dlametor  and  Perpendicular:  MtM 
Proportional* — Let  A  B  C  {fi^\  294'!  be  a  semicircle.  From 
C,  any  point  in  the  curve,  draw  a  line  to  A  and  another  to 

B:  then  ABC  will  be  a  ri^ht-ang^led  triang-lc  {Art.  352). 
Draw  the  line  CD  perpendicular  to  the  diameter  AB-, 
then  C  D  \v\\\  divide  the  triangle  ^4  ^  C*  into  two  triangles. 
A  CD  and  C B D,  which  arc  homologous.  For.  let  fhc 
triangle  CBD  be  revolved  on  D  as  a  centre  until  its  line 
CD  shall  come  to  the  position  iT  A  and  the  line  DB  oc- 
cupy the  position  DF,  each  in  a  position  at  right  angles 


Fit;  294. 

to  its  former  position,  the  point  B  describing  the  curve 
BF,  and  the  point  C  the  curve  CE,  and  each  forming  a 
quadrant  or  angle  of  ninety  degrees.  Since  these  points 
have  revolved  ninety  degrees,  therefore  the  three  lines  of 
the  triangle  C  B  D  have  revolved  into  a  position  at  right 
angles  to  that  which  they  before  occupied  ;  hence  the  line 
£Fh  at  right  angles  to  CB,  and  (from  the  fact  that  A  C B  is 
a  right  angle)  parallel  with  A  C.  Since  the  triangle  EFD 
equals  the  triangle  CBD.  and  since  the  lines  of  £"/"/>  are 
parallel  respectively  to  the  corresponding  lines  of  A  d 
therefore  the  triangles  A  CD  and  C B  D  arc  homologous. 
Comparing  the  lines  of  these  triangles  and  putting  a 
A  B,  }'  =  CD,  and  x  —  D  B^  we  have — 


RADIUS  FROM  CHORD  AND  VERSED  SINE.  469 

DB  '.  D  C.'.  DC  '.  AD, 
X  \  y  \\  y  '.  a  —  ;r, 
y*  =  x{a—  x).  (160.) 

Or,  in  a  semicircle,  2i  perpendicular  to  the  ^/ww^-Z^-r  terminated 
by  the  diameter  and  the  curve  is  a  geometric  mean,  or  mean 
proportional,  between  tfie  two  parts  into  which  the  perpendicular 
divides  the  diameter. 

444. — Circle :  Radius  fl-om  Given  Chord  and  Tened 
Sine. — Let  A  B  {Fig,  295)  be  a  given  chord  line  and  CDo, 
versed  sine.  Extend  C D  to  the  opposite  side  of  the  circle; 
it  will  pass  through  F,  the  centre.    Join  A  and  C,  also  E  and 


Fig.  295. 

B.  The  line  A  D,  perpendicular  to  the  diameter  C  E,  is 
a  mean  proportional  between  the  two  parts  C  D  dtnd  DE 
{Art.  443) ;  or,  putting  a  =z  A  D,  b  =^  CD,  and  r  equal  the 
radius  FE,  we  have — 

C  D  :  AD  .'.  AD  :  DE\ 
b  :  a  :  :  a  :  2  r  —  b, 
a*  =  b{2r^b),         ' 
a*  =  2  rb-b*. 


a*  -k-  b*  ^  2rb, 

a*^b* 
2  b 


r  =      -  .  — . 


(161.) 


THE   CIRCLE. 

Or:  The  radius  of  a  circle  equals  the  sum  of  the  squares  of  Ha 
the  chord  and  the  versed  sim\  divided  by  twice  the  versed  sine. 

Another  expression  for  the  radius  may  be  obtained:  fa 
the  two  triangles  C B'^D  and  C E  B  (Fig.  295)  are  homologouii 
{Art.  443)  and  iheir  corresponding  lines  in  proportion.    Put- 
ting/for  C By  we  have — 


CD  :  CB  '..  CB  :  C E, 

or — 

r  :/::/:  2  r, 

or — 

f^-  ^2rv, 

and — 

^_P 

(162.) 


Or :  The  radius  of  a  circle  equals  tJte  square  of  the  chord  of  hall 
the  arc  divided  by  twice  the  versed  sine. 

445.— Circle:  Sefrment  from  Ordinate*.— When  the  cun'c 

of  a  segment  of  a  circle  is  required  for  which  the  radius  can- 
not  be  used  J  either  by  reason  uf  its  extreme  length,  or  be- 
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cause  the  centre  of  the  circle  is  inaccessible,  it  is  desi 
to  obtain  the  curve  without  the  use  of  the  radius.     This  mat 
he  done  by  calculating  ordinates,  a  rule  for  which  will  now 
be  developed. 

Let  DCB  (Fig.  2c/y)  be  a  right  angle,  and  A  DB  :i  c 
cular  arc  described  from  C  as  a  centre,  with  the  radi 
BC=CD=CP.  Draw  PM  parallel  with  DC,  and  AG 
parallel  with  CB.  Now,  in  the  segment  ADO,wc  have 
given  4  C,  its  chord,  and  D  £,  ils  versed  sine,  and  it  is 


I 


RULE  FOR  ORDINATES.  47.I 

quired  to  find  an  expression  by  which  its  ordinates,  as  PF, 
may  be  computed.    From  Art.  416,  we  have — 


PM*z=CP^-CM*\ 
or»  putting  for  these  lines  their  usual  symbols 


y^  =  r^  —  x\ 


now  we  have — 


Then  we  have- 


y=  V  r^-x\ 

EC  =  DC-DE, 

EC=FM, 

FM=DC-D£, 

FM  =  r-b. 

PF=PM-FM\ 


or,  putting  /  for  P/^and  substituting  for  /*J/and  /^  J/ their 
values  as  above,  we  have — 

t^y-{r-b\ 

and  for_y,  substituting  its  value  as  above,  we  have — 


/=  y'r'-.r'  _  (r  -  ^).  (163.) 

Or :  The  ordinate  in  the  segment  equals  the  square  root  of  the 
difference  of  the  squares  of  the  radius  and  the  abscissa  minus 
the  difference  of  the  radius  and  the  versed  sine. 

For  example :  let  the  chord  A  G  {Fig.  296)  in  a  given  case 
equal  20  feet,  and  the  versed  sine,  b,  or  the  rise  DE,  equal  4 
feet ;  and  let  the  ordinates  be  located  at  every  2  feet  along 
the  chord  line,  A  G. 

In  solving  this  problem  we  require  first  to  find  the  radius. 
This  is  obtained  by  means  of  equation  (161.) — 

a^  +  b'- 


An 
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For  rt,  half  the  chord,  we  have  lo  feet ;  for  b,  the  verseQ 
sine,  we  have  4  feet ;  and,  substituting  these  values,  wc 
have — 


r  = 


io'»-+-4' 


2x4 

The  radius  equals— 
The  versed  sine  equals — 


14.5 


{r-b)=  10.5 


The  square  of  14-5,  the  radius,  equals  210-25.     No«n 
have,  substituting  these  values  in  equation  (163.) — 


t=^  V  210-25  =  •*'■ 


10-5, 


The  respective  values  of  Xy  as  above  required,  are  0,  i, 
4,  6,  8  and  10  Substituting  successively  fur  x  one  of  these 
values,  we  shall  have,  when — 


1=  ^- 


110-25  — o'  — IO-5  =  4- 


^—  i^  210-25  —2*—  IO-5  =  3-8614 


''  -  4/210-25  -4'-  10-5  =  3-4374 


^—  V  210-25  —  6'— IO-5  =  2-7004 


V  210-25  —  8'  -  IO-5  =  1-5934 


X  —  \o\  t  —  V 2 10. 25  —  10'—  lo- 5  =0-0 

Values  for  /  may  be  taken  at  points  as  numerous  as  desir* 
ble  for  accuracy. 

In  onli nary  cases,  however,  they  need  not  be  nearer 
in  this  example. 

After  the  points  are  secured,  let  a  flexible  piece  of  w 
be  bent  so  as  to  coincide  with  at  least  four  of  the  points 
time,  and  then  draw  the  curve  against  the  strip. 


% 


446> — Circle  :  Rclnilon  of  Diameter  lo  Clrruinrercncc 

— In  Art.  439  it  is  shown  that  the  area  of  a  polygon  equals 
the  radius  of  the  inscribed  circle   multiplied  by  half  of  ftj 
side  of  the  polygon  and  bv  the  number  of  the  sides; 


A  =  r  y  -ft  =    ^  w ;  or,  the  area  equals  half  the  radius  by  a 
2  3  . 

side  into  the  number  of  sides;  or,  half  the  radius  into  Ihe 
periphery  of  the  polygon.  Now,  if  a  polygon  have  very 
small  sides  and  many  of  them,  its  periphery  will  approxi- 
mate the  circumference  of  the  circle  inscribed  within  it;  in- 
deed when  the  number  of  sides  becomes  infinite^  and  conse- 
quently infinitely  small,  the  periphery  and  circumference 
become  equal.  Consequently,  for  the  area  of  the  circle,  we 
have — 


A   =   -(T, 

2 


(164.) 


where  c  represents  the  circumference. 

By  computing  the  area  of  a  polygon  inscribed  within  a 
pven  circle,  and  that  of  one  circumscribed  about  the  circle, 
the  area  of  one  will  approximate  the  area  of  the  other  in 
proportion  as  the  number  of  the  sides  of  the  polygon  are 
increased. 

For  example:  if  polygons  of  4  sides  be  inscribed  within 
and  circumscribed  about  a  circle,  the  radius  of  which  is  i. 
the  areas  will  be  respectively  3  and  4.  If  the  polygons  have 
16  sides,  the  areas  arc  each  3  and  a  fraction,  the  fractions 
being  unlike;  when  they  have  128  sides  the  areas  arc  each 
3- 14  and  with  unlike  fractions ;  when  the  sides  are  increased 
to  2048,  the  areas  each  equal  3*  1415  and  unlike  fractions, 
and  when  the  sides  reach  3276S  in  number  the  areas  arc 
equal  each  to  3*  141 5926,  having  like  decimals  to  seven 
places.  The  computations  have  been  continued  to  127 
places  (Gregory's  "  Math,  for  Practical  Men  *'),  but  for  all 
possible  uses  in  building  operations  seven  places  will  be  found 
to  be  sufficient.  From  this  result  we  have  the  diameter  in 
froportion  to  the  circumference  as  1  :  3- 1415926,  or  as — 


I  '  3»4«59. 
I  :  3.1416. 

proportions,  that  one  may  be  used  which  will  gfivo 


***^^>-'— »     • ^*—- 
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a  result  most  nearly  approximating  the  degree  of  accurac 
sequired.     For  many  purposes  the  last  proportinn  nil 
sufficiently  near  the  truth. 

For  ordinary  purposes  the  proportion  7  :  22  is  very  us 
ful,  and  is  correct  for  two  places  of  decimals;  it  fails  in  thj 
third  place. 

The  proportion  113  :  355  is  correct  to  six  places  of  d< 
mals. 

For  the  quantity  3-1415926  putting  the  Greek  letter 
(called /7),  and  2r  —  d  (or  the  diameter,  we  have — 


c  =■  n  d. 


(i6s.) 


To  apply  this:   in  a  circle  of  50  feet  diameter,  what  isi 
the  circunilerence  ? 

r  =  3- 1416  X  50 
c  =  157-08//. 

If  the  more  accurate  value  of  n  be  used,  we  have — 


c  -  3.  141  5926  X  50, 
*:  =  I5707963- 

The  difference  between  the  two  results  is  0'00037,  which 
for  all  ordinary  purposes,  would  be  inappreciable. 
By  the  rule  of  7  :  22,  we  have — 


^•=r  50X  V  =  157.1428571, 


an  cv'cess  over  the  more  accurate  result  above,  of  0'063227! 
which  is  about  ^  of  an  inch. 

By  the  rule  of  113:  355,  we  have — 


r  =  50  X  ffl  =  157.079646. 


This  result  gives  an  excess  of  only  o-ooooi6-.  it  issuf)icicntl| 
near  for  any  use  required  in  building. 

From   these  results  we  have  these  rules,  namely:  To 
obtain  the  circumference  of  a  circle,  multiply  its  diamftrr  hj 
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22,  and  dhide  the  product  by  7  ;  or,  more  accurately,  multiply 
the  diameter  by  i^^^  and  divide  the  product  by  113;  or,  by  mul- 
tiplication only,  multiply  the  dtameter  by  3 -1416;  or,  by 
5-i4i59i;  or,  by  3-1415926;  according  to  the  degree  of 
accuracy  required. 

And  conversely:  To  obtain  the  diameter  from  the  cir- 
cumference, multiply  the  circumference  by  7  and  divide  the 
product  by  22  \  or,  multiply  by  113  and  divide  by  355;  or,  dt- 
tnde  tlte  circumference  by  3-1416:  or,  by  3-14159^;  or.  bv 
3.1415926, 

447. — Ctrrlo:  liciigih  of  an  Arc. — Considering^  the  cir- 
cle divided  into  360°,  the  length  of  an  arc  of  one  degree  in 
a  circle  the  diameter  of  which  is  unity  may  be  thus  found. 

The  circumference  for  360°  is  3- 14159265  ; 

3^59265  ^  0.00872664625.: 
360 

lich  equals  an  arc  of  one  degree  in  a  circle  having  unity 
its  diameter ;  or,  for  ordinary  use  the  decimal  0-008727 
or  O'0o87i  may  be  taken  ;  or  putting  a  for  the  arc  and  g  for 
the  number  of  degrees,  we  have — 


a  =  0-60872665  dg. 


(166.) 


Wherefore  :  To  obtain  the  length  of  an  arc  of  a  circle, 
multiply  the  diameter  of  the  circle  by  the  number  of  degrees  in 
tluf  are,  and  by  the  decimal  0-0087^,  or,  instead  thereof,  by 
0-008727. 

4-48.— Circle :  Aren, — The  area  of  a  circle  may  be  ob- 
tained in  a  manner  similar  to  that  for  the  area  of  polygons 

{Art*  439).  in  which  A  =  Jin;  B=^r  --,  or — 

/4  =:  ib  nr, 

where  b  equals  a  side  of  the  polygon  and  n  the  number  of 
sides;  so  that  b  n  equals  the  perimeter  of  the  polygon. 
Now,  if  for  ihc  perimeter  of  the  polygon  there  be  sub- 
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stituted  the  circumference  of  the  circle,  we  shall  have,  put- 
ting for  the  circumference  3- 1416  ^/,  or,  tc  d{Art.  446) — 

in  which  r  is  the  radius.     Since  2  r  =  ^,  the  diameter,  and 

r  =  -,  we  have — 

d 
A=i7cd—, 


And  since — 

or — 
Therefore — 


A-^7rd\ 

«^  =  3- 141 59265, 
^n'  =  0-78539816, 
^7rz=  0-7854,  nearly. 

^  =  0-7854^'. 


(167.) 


Or:  The  area  of  a  circle  equals  the  square  of  tlu  diameter  mul- 
tiplied by  o-yZ^^. 


As  an  example,  the  area  of  a  circle  10  feet  in  diameter  is 
found  thus — 

10  X  10  =  100. 

100  X  o  •  7854  =  78  •  54  feet. 

449. — Circle:  Area  of  a  Sector. — The  area  oi  ABC^ 
{Fig.  297),  a  sector  of  a  circle,  is  proportionate  to  that  of  the 
whole  circle.  For,  as  the  circumference  of  the  whole  circle 
is  to  its  area,  so  is  the  arc  A  B  C \.Q  the  area  oi  A  BCD. 
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The  circuhiference  of  a  circle  is  {i6$.)C=  n  d.  The  area 
of  a  circle  is  (167.)  A  =  -7854  </'.  For  the  arc  ABC  put  a^ 
and  for  the  area  of  A  B  C  D  put  s.  Then  we  have  from  the 
above-named  proportion — 

nd  :  •7854^/'  :  :  «  :  J, 

-7854^'   . 

s  = -i —  a. 

n  d 

The  coefficient  0-7854  is  —  {Art.  448). 

4 

Therefore,  multiplying  the  fraction  by  4,  we  have — 

or—  S  =  \da  =  \ra.  (168.) 

Wherefore :  To  obtain  the  area  of  a  j^f/<?r  of  a  circle, 
multiply  a  quarter  of  the  diameter  by  the  length  of  tlie  arc. 

Thus:  let  ^  Z)  equal  10;  also  let  A  B  C  =  a,  equal  12. 
Then  the  area  of  A  B  CD  is — 

5  =  ^x  lox  12, 

5  =  60. 

The  length  of  the  arc  may  be  had  by  the  rule  in  Art.  447. 

460.  — Carole :  Area  of  a  Segment. — In  the  last  article, 
A  BCD  {Fig.  297)  is  called  the  sector  of  a  circle.  Of  this 
the  portion  included  within  A  E  CB  is  a  segment  of  a  circle. 
The  area  of  this  equals  the  area  of  the  sector  minus  the  area 
of  the  triangle  ADC;  or,  putting  M  for  the  area  of  the  seg- 
ment, S  for  the  area  of  the  sector,  and  T'for  the  area  of  the 
triangle,  then — 

M=S-T. 

Putting  c  for  A  C{Fig.  297)  and  h  for  D E,  then  T=-h. 
In  the  last  article,  s  —^ra,'\n  which  a  =  the  length  of  the 
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arc  ABC.    Substituting  this  value  of  s  in  the  above, ve 
have — 


-_      «          e  .       ar  —  ch 
M  =  —  r A  = 1 

2  2  2 


{I69-) 


Or :  When  the  length  of  the  arc  is  known,  also  that  of  the 
chord  and  the  perpendicular  from  the  centre  of  the  circle, 
then  the  area  of  the  segtnent  equals  the  difference  between  tht 
product  of  half  the  arc  into  tlie  radius^  aud  half  the  chord  ititt 
its  perpendicular  to  the  centre  of  tJte  circle. 

But  ordinarily  the  length  of  the  arc  and  of  the  chord  are 
unknown.  If  in  this  case  the  number  of  degrees  contained 
between  the  two  radii,  DA,DC,aa-e  known,  then  the  area  of 


the  segment  may  be  found  by  a  rule  which  will  now  be  de- 
veloped. 

In  Fi£^.  298  (a  repetition  of  Fi£^.  297)  upon  /?  as  a  centre, 
and  with  D  F  —  unity  for  a  radius,  describe  the  arc  Hf- 
Then  GF\%  the  sine  of  the  angle  CDB,  and  Z>G  is  the  co- 
sim ;  and  we  have — 


or — 

Again — 
or  — 


DF  \  GF  .'.  DC  '.  EC, 

c 
I  :  sm  :  :  r  :  -  =  r  sm. 

2 

DF  :  DG  '.:  DC  :  D E, 
I  :  cos  :  :  r  :  //  =  r  cos. 
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y  equation  (166.)  we  have — 

a  =  0-00872665  ^^, 

I  which  a  is  the  length  of  the  arc  ;  £■  the  number  of  degrees 
3ntained  in  the  arc ;  and  ^  is  the  diameter  of  the  circle. 
ince  d  ■=■  2  r,  therefore — 

a  =  0-0174533  rg. 

'utting  B  for  the  decimal  coefficient,  we  have — 

a  =  Br  g. 

The  expression  (169.),  by  substitution  of  values  as  above, 
•ecomes — 

M  =  -r //, 

22 

.,       ^rg 

M  = —  r  —  r  sm.  x  r  cos. 

2 

J/  =  ^  B gr^  —  sin.  cos.  r' 

M  =.  r*  (i  Bg  —  sin.  cos.) 

M  —  r*  (0-00872665^  —  sin.  cos.)         (170-) 

)r :  The  area  of  a  segment  of  a  circle  equals  the  square  of  the 
adius  into  t fie  difference  between  0-00872665  times  the  number 
f  degrees  contained  in  the  arc  of  the  circle,  and  the  product  of 
he  sine  and  cosine  of  half  the  arc. 

When  the  number  of  degrees  subtended  by  the  arc  is 
mknown,  or  tables  of  sines  zv^d  cosines  are  not  accessible, 
hen  the  area  may  be  obtained  by  equation  (169.),  provided 
he  chord  and  versed  sine  are  known  ;  but  before  this  equa- 
ion  can  be  used  for  this  purpose,  expressions  giving  their 
'alues  in  terms  of  the  chord  and  versed  sine  must  be  ob- 
ained,  for  a,  the  arc,  r,  the  radius,  and  /;,  the  perpendicular 
o  the  chord  from  the  centre  of  the  circle. 

For  the  value  of  the  arc  we  have  (from  "  Penny  Cycl.," 
\xt.  Segment)  as  a  close  approximation — 
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By  equation  (162.)  we  have — 

2V' 

Then — 

A  =  r  —  Vy 

or — 

/t  =  =^  -V. 

2  V 

Substituting  these  values  in  equation  (169.)  we  have — 

^=L[;-(8/-.)^_.(^-.)].     (.7..) 

This  rule  is  the  rule  (169.)  expanded. 

The  written  rule  for  equation  (169.)  may  be  used,  substi- 
tuting for  "  half  ifie  arc"  one  sixth  of  tJie  difference  between 
eight  times  the  chord  of  half  the  arc  and  the  <:/wr</ (or  ^  of  8 
times  A  B,  Fig.  298,  minus  A  C,  the  chord).  Also  substitute 
for  "  the  radius"  the  square  of  the  chord  of  half  the  arc  divided 
by  twice  the  versed  sine.  Also,  for  "  its  perpendicular  to  the 
centre  of  the  circle"  substitute,  the  quotient  of  the  square  of  the 
chord  of  half  the  arc  divided  by  twice  the  versed  sine,  minus 
the  versed  sine. 

When  the  arc  is  small  the  curve  approximates  that  of  a 
parabola.  In  this  case  the  equation  for  the  area,  of  the  par- 
abola, which  is  quite  simple,  may  be  used.     It  is  this — 

M=-cv.  (172)- 

3 

Or,  in  sc^nents  of  circles  where  the  versed  sine  is  small  m 
comparison  with  the  chord,  the  area  equals  approximately  two 
thirds  of  the  chord  into  the  versed  sine. 


SECTION   XII.— THE   ELLIPSE. 

451.— Ellipse :  Denoliloni.— Let  two  lines,  7*/^,  PF'  {Fig. 
299),  be  drawn  from  any  point  P  to  any  two  fixed  points 
F F' ,  and  let  the  point  P  move  in  such  a  manner  that  the  sum 
of  the  two  lines,  P F,  PF' ,  shall  remain  a  constant  quantity; 
then  the  curve  PM KOGA  DBF,  traced  by  P,  will  be  an 
Ellipse;  the  two  fixed  points  F,  F\  the  Foci;  the  point  6" at 


Fio.  899. 

the  middle  of  FF',  the  centre  :  the  line  A  M  drawn  through 
FF'  and  terminated  by  the  curve,  the  Major  or  Transverse 
Axis  ;  the  line  P  O,  drawn  through  C  and  at  right  angles  to 
^JA  the  Minor  or  Conjugate  Axis;  the  line  G P,  drawn 
through  /*and  fand  terminated  by  the  curve,  the  Diameter 
to  the  point  P\  the  line  />  A' drawn  through  C,  parallel  with 

ihr  ^  •' nt  P  T,  and  terminated  by  the  curve,  the  diameter 

O'  10  PG\  the   line  AV/ A' drawn  parallel  with  Z^  A' 

is  SI  double  ordinate  to  the  abscissas  6^ //and  ///'of  the  di- 
GP{F.Il=  Jf  R) ;  the  line  J L  drawn  through  /-'at  a 


"*g^'- 


^a^ 
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right  angle  to  .'j!  M  and  terminated  by  the  curve.  the"farn!r- 
eter,  or  Latus  Rectum.  I 

When  the  point  Preaches  and  coincides  with  B,  the  two  J 
lines  PF  ^wd  Pf  become  equal.  ^H 

The  proportion  between  the  major  and  minor  axes  d^n 
pends  upon  the  relative  position  of  /•'.  F ',  the  foci ;  the  nearer 
these  are  placed  to  the  extremities  of  the  major  aXis  the 
smaller  will  the  minor  axis  be  in  comparison  with  the  m.ijor 
axis.  The  nearer /', /^' approach  C  the  centre,  the  nearer 
will  the  minor  axis  approach  the  length  of  the  major  axis. 
When  F,  F'  reach  and  coincide  with  the  centre,  the  minor 
axis  will  equal  the  major  axis,  and  the  elhpse  will  become  a 


circle.  Then  we  have  PF  -  PF'  —BC=  A  C.  From  this 
we  learn  PF^  PF'  =  2AC=AM;  also,  when  Pf- PF\ 
then  PF=FF=  AC. 

From  this  we   may,  with  given   major  and   minor  ax 
find  the  position  of  /^and  /' '.     To  do  this,  on  /A  as  a  centre 
M'ith  ./  f"  for  radius,  mark  the  major  axis  at  /''and  F'. 


hts 

1 


452.— Ellipse  :  KqiintroiiM  to  lite  Curve. — An  equation  to 
a  curve  is  an  cxpressin:>n  containing  factors  two  of  which, 
called  co-<:)rdi nates,  measure  the  distance  to  any  point  in  t^< 
curve.     For  example :  in   a  circle  it  has  been  shown  (A' 
443)  that  PJVis  a  mean  proportional  to  ./  -Vand  JVB.    Ot»i 
putting  X  =  A  N,  j^  =  PN,  and  o  =  A  />',  we  have — 


AN  :  PA  ::  PN  :  NB, 

or — 

X  '.  y  '.  '.  }'  '.  a  —  X, 

or — 

r  ■  =  X  (a  —  X), 
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This  is  the  equation  to  the  circle  having  the  origin  of  x 
and  y^  the  cp-ordinates  at  A,  the  vertex  of  the  curve.  It  will 
be  observed  that  the  factors  are  of  such  nature  in  this  equa- 
tion, that  it  may  be  employed  to  measure  the  distance,  rect- 
angularly, to  P,  wherever  in  the  curve  the  point  P  may  be 
located.  By  this  equation  the  rectangular  distance  to  any 
and  every  point  in  the  curve  may  be  measured  ;  or,  having 
the  curve  and  one  of  the  lines  x  or'y,  the  other  may  be  com- 
puted. 

From  this  example,  the  nature  and  utility  of  an  equation 
to  any  curve  may  be  understood.  The  equation  to  the 
ellipse  having  the  origin  of  co-ordinates  at  the  vertex,  is 
similar  to  that  for  the  circle.  In  the  form  usually  given  by 
writers  on  Conic  Sections,  it  is — 

y'  =  ^,{2ax-x-^\  (I73-) 

in  which  a-=-  A  C  {Fig.  299)  \b  •=■  B  C;  x  equals  A  N,  and  y  = 
PN. 

If,  as  before  suggested,  the  loci  be  drawn  towards  the  cen- 
tre and  finally  made  to  coincide  with  it,  the  minor  axis  would 
then  become  equal  to  the  major  axis,  changing  the  ellipse  into 
a  circle.   In  this  case,  the  factors  a  and  b  in  the  equation  would 

become  equal;  and  the  fraction —j- would  equal — 5  =  i,and 

hence  the  equation  would  become — 

y*  :=  2  ax  —  X*f 
or —  y*=.x{2a  —  x)\ 

precisely  the  same  as  in  the  equation  to  the  circle  above 
shown.  The  2  «  of  this  equation  is  equivalent  to  a  of  the 
circle ;  for  a  in  the  ellipse  represents  only  half  the  major 
axis;  while  in  the  equation  to  the  circle  a  represents  the 
diameter.  The  relation  between  the  ellipse  and  the  circle 
is  thus  shown  :  indeed,  the  circle  has  been  said  to  be  an 
ellipse  in  its  extreme  conditions. 
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4-53, — ElllpRc:  Rf>lf(||€»ii  or  AxIh  to  AI>»cf»Mis  of  Axe*.— 

Multiplying  cquatiun  {i/^.}  by  a'  we  have— 

rt  V '  =  ^ *  (2  ax  —  X'), 

or—  a'  J''  =^  d*  X  {2  a  —  x). 

These  four  factors  may  be  put  in  a  proportion,  thus- 

a'  :  d"  :  :  X  {2  a  -  X)  :  v\ 
representing — 


A  C    '  B  C 


A  .Vx  am;  :  PJV\ 


Or:  The  rectangle  of  the  two  parts  into  which  the  ordinate 
dtvicics  the  axis  major  is  in  proportion  to  the  square  of  tin 
ordinate,  as  the  square  of  the  semi-axis  major  is  to  the  sqmrt 
of  the  semi-axis  minor. 


fL 


y 


N 

Fig,  301. 


M 


It  is  shown  by  writers  on  Conic  Sections  that  this 
tion  is  found  to  subsist,  not  only  with  the  axes  and  ordinate, 
but  also  between  an  ordinate  to  any  diameter  and  the  al 
scissas  of  that  diameter  ;  for  example,  referring  to  fig.  2^ 

CT  .-CD'  '-  ^^  >'■  ifP  •  ri/*' 
If  A  B'  P'M  {Fig.  301)  be  a  semi-circle,  then  (.-^r/.  443 

Substituting  this  value  of  A  N\N Mm — 


we  have- 


P'N  :  PN\ 
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Or  :  The  ordinate  in  the  circle  is  in  proportion  to  its  correspond- 
ing^ ordinate  in  the  ellipse,  as  the  semi-axis  major  is  to  the  semi- 
axis  minor,  or  as  the  axis  major  is  to  the  axis  minor. 

454. — Ellipse :  Relation  of  Parameter  and  Axes. — The 

equation  to  the  ellipse  when  the  origin  of  the  co-ordinates 
is  at  the  centre  is,  as  shown  by  writers  on  Conic  Sections, 
thus — 

a'y'  =  a*b*-b*  x'\      *  (174.) 

or—  a*y'  =  d*{a'-x''). 

If  y  equal  C  F{Fig.  299)  then  the  ordinate  will  be  located 
at  FJ,  and— 

x'*  =  a^^-y. 

Then—  a*  -  x"  =  a' -  {a'-  b'), 

=  a'-a'-^b\ 
a'-x'*  =  b\ 

This  is  shown  also  by  the  figure. 

Substituting  in  the  above  this  value  oi  a*  —  x'*,  we  have — 

a'y'  =zb'  b*  =  b\ 

From  which,  taking  the  square  root— 

ay  =  b\ 

or —  a  :  b  :  '.  b  :  y. 

Now,^',  located  at  py,  is  the  semi-parameter;  hence  we 
have  the  semi-minor  axis  a  third  proportional  to  the  semi- 
major  axis  and  the  semi-parameter.  Or :  The  parameter  is  a 
third  proportional  to  the  two  axes  of  an  ellipse, 

455. — filllpte :  Relation  of  Tangent  to  the  Axei. — Let 

T  T'  {Fig.  301)  be  a  tangent  to  P,  a  point  in  the  ellipse  ;  then, 
as  has  been  shown  by  writers  on  Conic  Sections — 

CN  xCT=-cm\ 

or—  CM  '.  CT  '.'.  CN  :  CM. 
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Or :  The  semi-major  axis  is  a  mean  proportional  between  the  ab- 
scissa C  N  and  C  T,  the  part  of  t fie  axis  intercepted  between  tkt 
centre  and  the  tangent. 

This  relation  is  found  also  to  subsist  between  the  similar 
parts  of  the  minor  axis ;  for — 

CN'xCT'  =  cT- 

This  relation  affords  an  easy  rule  for  finding  the  point  T, 
or  T' ;  for  from  the  above  we  have — 

^    -y,    C   M 

or,  putting  /  for  C  T,  we  have — 

/  =  ^  (.75.) 

or — 

/'  =  --.  (176.) 

y  \    ' 

Since  the  value  of  /  is  not  dependent  upon  y  nor  upon  h, 
therefore  /  is  constant  for  all  ellipses  which  may  be  de- 
scribed upon  the  same  major  axis  A  M  \  and  since  the  circle 
is  an  ellipse  {Art.  452)  with  equal  major  and  minor  axes, 
therefore  rule  (175.)  is  applicable  also  to  a  circle,  as  shown 
in  Fig.  301. 

The  equation  (175.)  gives  the  value  of  /  =  C  T.     From 
this  deducting  C N  =  -r',  we  have  A^  Z',  the  subtangcnt,  or— 

CT  -  CN^  NT, 

t  —  x'  =  s\ 

or,  substituting  for  /  its  value  in  (i75.\  we  have — 

s=  y-x'\  (177.) 

Or :  The  subtangcnt  to  an  ellipse  equals  the  difference  bctuvcH 
the  quotient  of  the  square  of  the  semi-major  axis  divided  by  the 
abscissa,  and  the  abscissa  ;  the  origin  of  the  co-ordinates  being 
at  C,  the  centre. 
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456a — ^Ellipse :  Relation  of  Tangent  with  the  Foel. — Let 

the  two  lines  from  the  foci  to  P  {Fig.  302),  any  point  in  the 
ellipse,  be  'extended  beyond  P.     With  the  radius  P F'  de- 
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scribe  from  P  the  arc  F'  G,  and  bisect  it  in  H.  Then  the 
line  P  T,  drawn  through  //",  will  be  a  tangent  to  the  ellipse 
at  /*. 

This  has  been  shown  by  writers  on  Conic  Sections.  The 
construction  here  shown  affords  a  ready  method  of  drawing 
a  tangent.  And  from  the  principle  here  given  we  learn 
that  a  tangent  makes  equal  angles  with  the  lines  from  the 
tangential  point  to  the  two  foci. 

For,  because  G  H  —  H F\  we  have  the  angle  F'  P H  = 
HPG.  The  angles  H PG  and  KPF  are  opposite,  and 
hence  {Art.  344)  are  equal ;  and  since  the  two  triangles 
F'  PHdindKPF^TQ  each  equal  to  HPG,  therefore  F'  PH 
and  KPF  are  equal  to  each  other.  Or:  A  tangent  to  an 
ellipse  makes  equal  angles  ivith  the  two  lines  drawn  from  the 
point  of  tangency  to  the  two  foci. 

Experience  shows  that  light  shining  from  one  focus  is 
reflected  from  the  ellipse  into  the  other  focus.  It  is  for  this 
reason  that  the  two  points  /^and  F'  are  called  foci,  the  plu- 
ral oi  focus,  a  fireplace. 

467> — Ellipse !  Relation  of  Axe*  to  Coiyngate  Diame- 
ter*.— Parallel  with  K  T  {Fig.  302)  let  D  EhQ  drawn  through 
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C  the  centre,  and  L  Q  through   J,  one  end  of  the  diameter 
from  the  point  P.     Parallel  with  this  diameter  PJ  draw  LK 
and  Q  R  through  the  extremities  of  the  diameter  D  E.  Then 
D  E\s  Vi  diameter  conjugate  to  the  diameter  PJ,  and  A'^,, 
R  Q,  Q  /-,  and  L  K  arc  tangents  at  the  extremities  of  thes 
conjugate  diameters. 

Now  it  is  shown  by  writers  on  Conic  Sections  {Fig,  302) 
that— 


AC  ^  BC  =  DC  ^  PC 


or- 


ir-    = 


b"- 


Or  :  The  sum  of  the  squares  of  the  two  axes  equals  the 
of  the  squares  of  any  two  conjugate  diameters. 

From  this  it  is  also  shown  that  the  area  of  the  parallelo- 
gram K  C  equals  the  rectangle  .'/  C  x  B  C\  or,  that  a  paraU 
lelogram  formed  by  tangents  at  the  extremities  of  any  txtw 
conjugate  dianuters  is  equal  to  the  rectangle  of  the  axes, 

4d8. — Elliiiiie:  Area. — Let  E  equal  the  area  of  an  ellipse^ 
A  the  area  of  a  circle,  of  which  the  radius  a  equals  theser 
major  axis  of  the  ellipse,  and  let  d  equal  the  semi -mi  nor  axis 
Then  it  has  been  shown  that — 

E  :  A  :  I  b  ',  a, 


or — 


E  =  A-. 
a 


The  area  of  a  circle  {Art.  448)  is — 

A  ■=  ^  n  dr  =  n  r', 
and  when  the  radius  equals  a — 

A  =  TT  a^y 
This  value  of  A,  substituted  in  the  above  equation,  givf 


E  —  rt  a^  -y 
a 

£  =  nab. 
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Dr :  The  area  of  an  ellipse  equals  3'  14159!:  times  the  product 
\f  the  semi-axes  ;  or  0-7854  times  the  product  of  the  axes. 

469. — Ellipse :  Practical  Snggestlonfi. — In  order  to  de- 
scribe the  curve  of  an  ellipse,  it  is  essential  to  have  the  two 
ixes  ;  or,  the  major  axis  and  the  parameter  ;  or,  the  major 
fixis  and  the  focal  distance.. 

If  the  two  axes  are  given,  then  with  the  semi-major  axis 
for  radius,  from  B  {Fig.  299)  as  centre  an  arc  may  be  made 
at  /^and  F\  the  foci ;  and  then  the  curve  may  be  described 
by  any  of  the  various  methods  given  at  Arts.  548  to  552. 

If  the  major  axis  only  and  the  parameter  are  given,  then 
{Art.  454)  since — 

b^  =  ay, 
we  have — 

*  =    \-'ay.  (179.) 

Or :  The  semi-minor  axis  of  an  ellipse  equals  the  square  root 
of  the  product  of  the  setni-tnajor  axis  into  the  semi-parameter. 
Then,  having  both  of  the  axes,  proceed  as  before. 

If  the  major  axis  and  the  focal  distance  are  given,  or  the 
location  of  the  foci ;  then  with  the  semi-major  axis  for  ra- 


dius and  from  the  focal  points  as  centres,  describe  arcs  cut- 
ting each  other  at  B  and  0  {Fig.  299).  The  intersection  cf 
the  arcs  gives  the  limit  to  B  O,  the  minor  axis.  With  the 
two  axes  proceed  as  before.  Points  in  the  curve  may  be 
found  by  computing  the  length  of  the  ordinates,  and  then 
the  curve  drawn  by  the  side  of  a  flexible  rod  bent  to  coin- 
cide with  the  several  points. 

For  example,  let  it  be  required  to  find  points  in  the 
curve  of  an  ellipse,  the  axes  of  which  are  13  and  20  feet ;  or 
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the  semi-axes  6  and  lo  feet,  or  6  x  12  =  72  inches,  and  10  x 
12  =  1^0  inches. 

Fix  the  positions  of  the  points  NN'^  etc.,  along  the  semi- 
major  axis  CM  {Fig.  303)  at  any  distances  apart  desirable. 
It  is  better  to  so  place  them  that  the  ordinates  when  drawn 
shall  divide  the  curve  BPM  into  parts  approximately  equal. 
If  CM  be  divided  into  eight  parts  as  shown,  these  parts 
measured  from  C  will  be  well  graded  if  made  equal  severally 
to  the  following  decimals  multiplied  by  CM.  In  this  case. 
CM=  120;  therefore — 


CN   =  120  X  0-3      = 

36. 

=  x'  * 

CjV  =  120  X  0-475  = 

57- 

=  y 

C N"  —  120  X  0-625  = 

75- 

=  y 

Etc.,  =  120  X  0-75    = 

90. 

=  x' 

120x0-85    = 

I02- 

=  x' 

120  X  0-925  = 

III- 

=  x' 

120  X  0-975  = 

117. 

=  x' 

120  X  i-o      = 

I20- 

=  x'. 

The  equation  of  the  ellipse  having  the  origin  of  co-ordi- 
nates at  the  centre  {Art.  454)  is — 

a'^y'-  =  b-{a--x'% 

or.  dividing  by  a^ — 

b^ 


or- 


or — 


.y=/4'^(«^-y«), 


y=  ~V  a'-x'*',  (180.) 


in  which  a  and  b  represent  the  semi-axes.     Substituting  for 
these  their  values  in  this  case,  wc  have — 


71 

JO 


•^  =  T23  ♦''2o«-y«, 


^  =  0.6  1^14400- x'«. 
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Now,  substituting  in  this  equation  the  several  values  of 
'*  successively,  the  values  of  the  corresponding  ordinates 
-^ill  be  obtained.  For  example,  taking  36,  the  first  value  of 
',  as  above,  we  have — 

y—     0-64/14400— 36« 

y  =  68-684; 

J  =    0-6  ^''14400  -  57* 

J  =  63-359; 

nd  so  in  like  manner  compute  the  others. 

The  ordinates  for  this  case  are  as  follows,  viz. : 


When 

x' 

■=: 

0, 

y  = 

72-0 

X 

= 

36, 

y  - 

68-684 

X 

'  = 

57. 

f  = 

63-359 

X 

'  = 

75, 

y  = 

56-205 

X 

= 

90, 

y  = 

47-624 

x 

= 

102, 

y  = 

37.928 

X 

= 

III, 

y  = 

27-358 

x' 

= 

"7, 

y  = 

15-999 

X 

= 

120, 

y  = 

o-o. 

The  computation  of  these  ordinates  is  accomplished  easv 
Y  by  the  help  of  a  table  of  square  roots  and  of  logarithms. 

For  example,  the  work  for  one  ordinate  is  all  comprised 
'ithin  the' following,  viz.: 

_;'  =  0-6  V^ 1 4400  —"36^^  =  68-684. 
120-  =  14400 
36-  =  1296 

1 3 104  =  4- 1 174039 

Half    =  2  0587020 

0-6  =  9-77815^3 

68-684  =  1-8368533. 

The  logarithm  of  13 104  =  4. 1 174039.  The  half  of  this  is 
ic  logarithm  of  the  square  root  of  13 104.  To  the  half  log- 
rithm  add  the  logarithm  of  go;  the  sum  is  the  logarithm 
f  68-684  found  in  the  table  (see  Arf.  427). 
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460. — Parabola  :  Defliitiionfl. — The  parabola  is  onTi 
the  most  interesting  of  the  curves  derived  from  the  sections 
of  a  cone.  The  several  curves  thus  produced  are  as  fol- 
lows: When  cut  parallel  with  its  base  the  outline  is  a  ciuU ; 
when  the  plane  passes  obliquely  through  the  cone,  it  is  an 
ellipse ;  when  the  [ilane  is  parallel  with  the  axis,  but  not  in 
the  axis,  it  is  a  hyperbola  ;  while  that  which  is  produced  by 

L  Q  M 


Fig.  304. 

a  plane  cutting  it  parallel  with  one  side  of  the  cone  is 
parabola. 

Let  the  lines  L  M  and  L  N  {Fig.  304)  be  at  right  angles ; 
draw  C F B  parallel  with  LM \  make  LQ  =  LF;  draw  QB 
parallel  with  LF^,  then  F B  -  B  Q.  Now  let  the  line  AL 
move  from  FL,  but  remain  parallel  with  it,  and  as  it  moves 
let  it  gradually  increase  in  length  in  such  manner  that  the 
point  A  shall  constantly  be  equally  distant  from  the  line  LM 
and  from  the  point  F.  Then  A  B P,  the  curve  described  by 
the  point  A^  will  be  a  semi-parabola.  For  example,  the 
lines  F  B  and  B  Q  are  equal ;  the  lines  /'/'and  PJfnre  cqui 
and  so  of  lines  similarly  drawn  from  any  point  in  the  cm 
A  BP.     Let  PJVbc  drawn  parallel  with  LM;  then  for 
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pioint  P,  A  N'ls  the  abscissa  and  NP'xts  ordinate  (see  Art. 

452). 

The  double  ordinate  C  B  drawn  through  F,  the  focus,  is 
the  parameter.  A  F'ls  the  focal  distance.  A  is  the  vertex  of 
the  curve.     The  line  L  M  is  the  directrix. 

4'6L — Parabola  :  Equation  to  the  Carre. — In  Fig.  304 
J*PN  is  a  right-angled  triangle,  therefore — 


NP^  -  FP'  -  FN' ; 

but— 

FP=MP=LN=AN+AL\ 

and — 

FN=AN-AF. 

Therefore — 

NP*  =  AN+AL*-AN-AF'', 

or-  J*  =  (^  +  i/)'-(-^-i/)', 

p  being  put  for  the  distance  LF—  FB  (see  Art.  452).  As 
in  Arts.  412  and  413,  we  have — 

{x+  ^py  =  x*+px  +  \p' 
(x-ipy  =  x'-px+ip' 

y''  =  2px  (181.) 

by  subtraction.  This  is  the  usual  equation  to  the  parabola, 
in  which  we  have  the  rule  :  The  square  of  the  ordinate  equals 
the  rectangle  of  the  corresponding  abscissa  with  the  param- 
eter. 

T'rom  (181.)  we  have — 

X  :  y  \  \  y  '.  2  p, 

or:  TYiQ  parameter  \^  a  third  proportional  Xjo  the  abscissa  and  its 
corresponding  ordinate. 

4'62. — Parabola  :  Tangent. — From  My  any  point  in  the 
directrix,  draw  a  line  to  F,  the  focus  {Fig.  305) ;  bisect  M F 
in  Ry  and  through  R  draw  UT  perpendicular  to  M F,  then 
the  line  T  U  will  be  a  tangent  to  the  curve.     For,  draw  M D 
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perpendicular  to  A  T '/and  from  /-'.the  point  of  its  intei 
with  the  line  'fl\  draw  a  line  to  F,  the  locus;  then, 
^y^is  a  perpendicular  from  the  middle  of  MF,  A/PFisM 
isosceles  trianj^lc,  and  therefore  the  lines  J/ /'and  FPat 
equal,  or  the  point  P  is  equidistant  Irom  the  focus  and  ii 
the  directrix,  and  therefore  is  a  point  in  the  curve. 

To  show  that  the  line  T  C  touches  the  curve  but  does  not 
pass  through  it,  take  C,  any  point  in  the  line  7'C\  other  than. 


M    y 
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the  point  P;  join  r  to  J/and  to  F.  Then,  ^nce  U  is  a  point 
in  the  line  T  U,  M  U F,  for  reasons  above  given,  is  an  isosce* 
les  trianj^lc  ;  from  T'^draw  T^ /' perpendicular  to  L  V,  No*» 
if  the  point  6' be  also  in  the  curve,  tlie  lines  6* I' and  TA", 
by  the  law  of  the  curve,  must  be  equal :  but  U F^  as  before 
shown,  is  equal  to  V M,  a  line  evidently  longer  than  V\\ 
therefore,  it  is  evident  that  the  point  f*is  not  in  the  curve. 
A  similar  absurd  result  will  be  reached  if  any  other  point 
than  the  point  U\n  the  line  6' T' be  assigned,  excepting  ih^ 
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Therefore  the  line  T P  touches  the  curve  in  only 
ione  point,  P\  hence  it  is  a  tang^ciit. 

^  Parallel  with  L  F,  from  A,  draw  A  S,  the  vertical  tangent. 
Now  A  S  bisects  M F  or  intersects  it  in  the  point  A'.  For 
the  two  right-angled  triangles  F L  J/ and  FA  K  are  homolo- 
gous ;  and  because  FA  —  A  L,  by  construction,  therefore 
\F/i  =  R  M. 

Or :  The  vertical  tangent  bisects  all  lines  ivlnck  can  be  drawn 
from  the  focus  to  the  directrix. 

The  lines  P F 2i\\A  FT  are  equal ;  for  the  lines  J//* and 
iV  T'  beinjj;;  parallel,  therefore  the  alternate  ani;[les  MPT 
and  N  TP^TG  equal  (.Ir/.  345)  ;  and  because  the  line  P  /'bi- 
sects M F,  the  base  of  an  isosceles  triangle,  therefore  the 
angles  MP  7" and  FP  Fare  equal.  We  thus  have  the  two 
angles  N  TP  and  FP  Teach  equal  to  the  angle  J//*  7"; 
therefore  the  two  angles  N  T P  and  F P  /"are  equal  to  each 
other  ;  hence  the  triangle  P F  T  is  an  isosceles  triangle,  hav- 
ing the  points  /'and  /'equidistant  fnmi  /",  the  focus. 

Also  because  the  line  M Fxs,  perpendicular  to  P  F,  there- 
fore the  line  MF  bisects  the  tangent  PT  in  the  point  /?. 
And  because  T R  =  P  P,  therefore,  comparing  triangles 
TRFiind  TPO,  TFz=  F O, 

The  opposite  angles  MP  T  and  U PD  made  by  the  two  in- 
tersecting lines  U  7* and  M D  {Art.  344)  arc  equal,  and  since 
the  angles  MP  T  and  FP  T  are  equal,  as  before  shown, 
therefore  the  angles  FP  Ta.nd  U PD  are  equal. 

It  is  because  these  two  angles  are  equal,  that,  in  reflectors, 
rays  of  light  and  heat  proceeding  from  F,  the  focus,  are  re- 
flected from  the  parabolic  surface  in  lines  parallel  with  the 
axis. 

For  an  equation  expressing  the  value  of  the  tangent,  we 
have — 

7W* 


TP   =  TN  +  NP 

r  =  {2xY^y\ 


(182.) 


Or:  The  tangent  to  a  parabola  canals  the  square  root  of  the 
sum  of  four  times  the  square  of  the  abscissa  added  to  the  square 
of  the  ordinate. 
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463. — Parabola:  SuMuiiKciit, — The  line   T N {Fi^.yo^ 
the  portion  oi  the  axis  intercepted  between   T,  the  point 
intersection  til  the  tanj^ent,  and  iV,  the  foot  of  a  perpendicu-1 
hit  to  the  axis  from  P,  the  point  of  contact,  is  the  sukangfnt.\ 
The  subtangent  is  bisected   by  the  vertex,  or    TA  —AiW 
For,  the  two  triangles  TRA  and    T P JV are  homologous; 
and>  as  shown  in  the  last  article,  the  line  J/ /''bisects/' 7* in 
R;  or  TR  =  R P. 

Therefore,  we  have — 


TR  :    TA  '.:    TP  :   T N, 

TRk  TN=  TA  X  TP, 

but— 

TR=^  TP; 

therefore — 

iTPx  TN=  TA  X  TP. 

* 

i  TiV  ^  TA. 

Or  :  The  subtangi'tit  of  a  parabola  is  bisected  by  the  vertex ;  or 

is  equal  to  fiuicc  the  abscissa. 

A;id  because  of  the  similarity  of  the  two  triangles  TRA 
and  TP jV,  as  above  shown,  we  have — 

NP=  2AR, 

y  ^2  A  R. 

Or :  The  ordinate  equals  twice  the  vertical  tangent. 

464. — Parabola:    .\onnal  and    $iii1iiiorniai.— Th 

PO  {Fig>  305)  perpendicular  to  /'  T,  is  the  normal  and  NO, 
the  part  of  the  axis  intercepted  between  the  normal  and  the 
ordinate,  is  the  subnormal.  For  the  normal,  from  similar 
triangles,  we  have — 

TN  :  NP  ::   TP  :  P O, 


P0  = 


NPx  TP 
TN      ' 


PO=^M 
2X 


^ 1^ 
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Or:  The  norma/ equsils  the  rectangle  of  the  ordinate  and  tan- 
fptnt^  divided  by  twice  the  abscissa. 

The  subnormal  equals  half  the  parameter.    For  (181.) — 


or —  iVP"  =  2  FB  'AN. 

Dividing  by  2  XN  gives— 


l-'B  =  ^  (A.) 

2-^A'^ 

In  the  similar  triangles  {Art.  443)  (^PTVand  PTN,we 
have— 

iV^(9  :  iVP:  :  NP  :  NT, 


N0=^JP1. 
NT 

As  shown  in  the  previous  article,  N  T  —  2  A  N;  therefore — 

NO^EEl.  (B.) 

2AN 

Comparing  equations  (A.)  and  (B.),  we  have — 

NO  =  FB. 

Or :  The  subnormal  of  a  parabola  equals  half  the  parameter, 
a  constant  quantity  for  the  subnormal  to  all  points  of  the 
curve. 

4*65. — Parabola :  Diameters. —  In  the  parabola  BA  C 
{Fig:  306),  PD,2l  diameter  (a  line  parallel  with  the  axis)  to 
the  point  P,  is  in  proportion  to  B  D  x  D  C,  the  rectangle  of 
the  two  parts  into  which  the  base  of  the  parabola  is  divided 
by  the  diameter. 

This  may  be  shown  in  the  following  manner : 

DP=EN=EA-NA.  (A.) 
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For  EA  we  have,  taking  the  co-ordinates,  for  the  po 
C,  (181.)- 


or — 


or— 


2/ 


=  X 


EC* 

2/ 


EA, 


(3. 


0     c 


For  NA  we  have,  taking  the  co-ordinates  to  the  p 

y'  =  2px. 


or — 


or- 


=  X, 


2/ 

~-  =  NA. 

2/ 


(< 


Using  these  values  (B.)  and  (C.)  in  (A.),  we  have — 
DP=^EA-NA, 
'EC*      N7*'  _  TTC*  -  N~P* 

~     2p  2p     ~  2p 

I  f  /  be  put  for  B  C  and  n  for  D  C,  then — 
.VP=EC-DC=i/-n, 
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ien  {Art.  413) — 

2/ 


r  (^ir/.  415)— 


DP: 


2P 

In-  n* 


2p 


DP  = 


2p     ' 
DCxBD 


2p 

Now,  since  2/,  the  parameter,  is  constant,  we  have  DP, 
Ke  diameter,  in  proportion  to  D  C  y.  B  D,  the  two  parts  of 
he  base. 

Putting  d  for  the  diameter,  we  have — 

d=  "JlfJi.  (,83.) 

2/ 

Or :  The  diameter  of  a  parabola  equals  the  quotient  obtained 
)y  dividing  the  rectangle — formed  by  the  two  parts  into  which 
he  diameter  divides  the  base — by  the  parameter. 

It  has  been  shown  by  writers  on  Conic  Sections  that  a 
liamcter,  PJ {Fig.  307),  to  any  point  Pin  a  parabola  bisects 
Jl  chord  lines,  SG,D  E,  etc.,  drawn  parallel  with  the  tan- 
gent to  the  point/*;  the  diameter  being  parallel  with  the  axis 
>f  the  parabola. 

466. — Parabola  ;  Glemenu. — From  any  given  parabola, 
o  find  the  axis,  tangent,  directrix,  parameter  and  focus, 
Iraw  any  two  parallel  lines  or  chords,  SG  and  DE  (Fig. 
[07),  and  bisect  them  in  H  and  J,'  through  these  points 
iraw  yP',  then  y/'will  be  a  diameter  of  the  parabola — a 
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line  parallel  with  the  axis.  Perpendicular  to  /*  J?^  draw  the" 
double  ordinate  PQ  and  bisect  it  in  A";  through  ^Vand  par- 
allel with  Py  draw  TO,  cutting  the  curve  in  A ;  then  TO 
will  be  the  axis.  Make  A  T=  A  N,  join  7 and  P;  then  T? 
will  be  the  tangent  to  the  point  P\  from  P  draw  PO  pe^ 
pendicular  to  P  T\  then  PO  will  be  the  normal,  and  NO  the 
subnorinal. 

With  A^ 0  for  radius,  from  N  as  a  centre,  describe  the 
quadrant  OR;  draw  A'  C  parallel  with  A  O,  cutting  the  cune 


\l 


M 


Fig.  307. 

in  C\  from  Tdraw  CB  perpendicular  to  A  O,  cutting  ^4  (?  in 
F;  then  /^will  be  the  focus  and  fT^  the  parameter.  Make 
A  L  =  A  F\  draw  L  M  perpendicular  to  TO\  then  Z J/ will 
be  Ihe  directrix.  Extend  /'y  to  meet  Z,J/at  M\  join  /'and 
/'';  then,  if  the  work  has  been  properly  performed,  /"7^will 
equal  Af  P, 


i 


467.— PiirHholH:  DeBcrlbcd  Werliantrally. —  With  f^^ 
{Fig.  308)  a  given  base,  and  N A  a  given  height,  set  \ 
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dicularly  to  the  base,  extend  NA  beyond  Ay  and  make  A  T 
equal  to  N A  ;  join  T'and  P\  from  P  perpendicularly  to  TP 
draw  PO ;  bisect  O Nvi\  R\  make  A  L  and  A  F each  equal 
Xo  N R\  through  Z,  perpendicular  to  L  Oy  draw  D E,  the  di- 
rectrix. 

Let  the  ruler  C DEShQ  laid  to  the  line  DE,  then  with 
yGH^2i  set-square,  the  curve  may  be  described  in  the  fol- 
lowing manner : 

Placing  the  square  against  the  ruler  and  with  its  edge 


Fig.  308. 


y H  coincident  with  the  line  MP,  fasten  to  it  a  fine  cord  on 
the  edge  PE,  and  extend  it  from  /'  to  F,  the  focus,  and  se- 
cure it  to  a  pin  fixed  in  F.  The  cord  FP  will  equal  the 
edge  MP.  To  describe  the  curve  set  the  triangle  y  G  li  at 
MPEy  slide  it  gently  along  the  ruler  towards  D,  keeping  the 
edge  yC  in  contact  with  the  ruler,  and,  as  the  square  is 
moved,  keep  the  cord  stretched  tight,  holding  for  this  pur- 
pose a  pencil,  as  at  K,  against  the  cord.  Thus  held,  as  the 
square  is  moved  the  pencil  will  describe  the  curve.  That 
this  operation  will  produce  the  true  curve  we  have  but  to 
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consider  that  at  all  jxjints  tlie  line  F K  will  equal  K, 

is  the  law  of  the  curve  {.Art.  460). 

468. — Parubvlu  :  Described  firoin  PolnU. — With  given 
base,  A'  P  {fig.  },og},  and  ^ivcn  hcig:ht,  A  A',  to  find  the  puinis 
/?,  F,  M,  etc.,  and  describe  the  curve.     Make  A  T  equal  tol 
A  N  {Art.  462);   join  T  s.wd  P;   perpendicular  to  TP^nmi 


Fn:.  309, 

P0\  make  A  B  equal  to  twice  NO ;  take  G,  any  point  in  ill 
axis  A  Ot  and  bisect  //  G  in  y ;  on  y  as  u  centre  describe  tl 
semi-circle  B  CG  cutting  A  /,,  a  perpendicular  to  B O  in 
on  A  t'and  A  G  conij)lete  the  rectangle  A  C  DG.  Then  P\ 
a  point  in  the  curve.  Take  //.  another  point  in  the  jixis^ 
bisect  B  Hm  K\  on  A'  as  a  centre  describe  the  semi-cirt 
B  E  H  cutting  A  L  in  /f ;  this  by  E  F  and  H F,  gives  /% 
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Other  point  in  the  curve  ;  in  like  manner  procure  M,  and  as 
many  other  points  as  may  be  desired.  This  simple  and 
accurate  method  of  obtaining  points  in  the  curve  depends 
upon  two  well-established  equations ;  one,  the  equation  to 
the  parabola,  and  the  other,  the  equation  to  the  circle.  The 
line  G  D,  an  ordinate  in  the  parabola,  is  equal  to  A  C,  an 
ordinate  in  the  circle  BCG\  AG,  the  abscissa  of  the  para- 
bola, is  also  the  abscissa  of  the  circle ;  in  which  we  have 
{^Art.  443)— 

AG  '.  AC  \\  AC  \  AB, 

X  :  y  '.  '.  y  :  a  —  X, 

y*  =■  X  (a  —  x). 

For  the  parabola,  we  have  (181.) — 

y'=2px. 

Comparing  these  two  equations,  we  have— 

x{a  —  x)  •=  ipx, 

a-~x-2p, 
or — 

BG-AG=2p. 

By  construction  A  B  equals  2  NO,  or  twice  the  subnor- 
mal ;  the  subnormal  {ArL  464)  equals  half  the  parameter. 
Hence,  twice  the  subnormal  equals  the  parameter — equals 
2  p.    Therefore,  the  method  shown  in  Fig.  309  is  correct. 

469. — Parabola:  Dencrtbedi  flron  Arc*. — Let  NP  {Fig. 
310)  be  the  given  base  and  A  A^the  given  height  of  the  par- 
abola. Make -«4  7'(.-lr/.  462)  equal  y^iV.  Join  TtoP',  draw 
PO  perpendicular  to  PT\  bisect  N  O'ln  R-.  make  A  L  and 
A F  each  equal  to  NR\  then  L  AT,  drawn  perpendicular  to 
TO,  will  be  the  directrix.  Parallel  to  L  M  draw  the  lines 
BIX,  CEt  etc.,  at  discretion.   Then  with  the  distance  B  L  for 


S04 


THE   PARABOLA. 


radius,  and  on  /"as  a  centre,  mark  the  line  B D  with  an  arc: 
the  intersection  of  the  arc  and  the  line  will  be  a  point  in  thc^ 
curve  {Art,  460),     Again,  with  C L  for  radius  and  on  /"asi 
centre,  mark  the  line  C E  with  an  arc ;    this  g:ives  an( 
point  in  the  curve.     In  like  manner,  mark  each  horij 


Fro.  310. 

line  from  /^as  a  centre  by  a  radius  equal  to  the  perpendicu- 
lar distance  between  that  line  and  L  M,  the  directrix.  Then 
a  curve  traced  through  the  points  of  intersection  thus  ob- 
tained will  be  the  required  parabola.  ■ 

470. — Parabola  :  ]>i>«icrfbcd  fVoiii  OrdlnaiCH. — With  .1 
given  base,  N P{Fig.  311),  and  height,  A  N,  a  parabola  may 
be  drawn  through  points  y,  H,  G,  etc.,  which  are  the  extrem- 
ities of  the  ordinates  B  y,C  H,  D  G,  etc. ;  the  lengths  of  the 
ordinates  being  computed  from  the  equation  to  the  cun'c 


For  any  given  parabola,  in  base  and  height,  the  value 
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/  may  be  had  by  dividing  both  members  of  the  equation  by 
2  X ;  by  which  we  have — 


/  =  f^Z  = 


NP^ 


2X         2AN' 


(A.) 


from  which,  A^/*and  A  iV  being  known,  /  may  be  computed. 
With  the  value  of/, a  constant  quantity,  determined,  the 
equation  is  rendered  practicable.     For,   taking  the  square 
root  of  each  member  of  equation  (181.),  we  have — 


y=  V  2px, 


(B.) 


which  by  computation  will  produce  the  value  of  ^,  for  every 
assigned  value  of  jr,  2l!&  A  B,  A  C,  A  D,  etc. 


Fig.  311. 

As  an  example :  let  it  be  required  to  compute  the  ordi- 
nates  in  a  parabola  in  which  the  base,  NP,  equals  8  feet,  and 
the  height,  A  N,  equals  10  feet.  With  these  values  equation 
(A.)  as  above  becomes — 


NP' 


8' 


64 


^      2AN     2x10       20       ^'^' 


2  p  =  6«4. 
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Then,  with  this  value  in  (B.)  as  above,  we  have,  for  each  or- 
dinate— 


y 


V'6-4 


X. 


i 


In  order  to  assign  values  to  x,  let  AN  be  divided  into 
any  number  of  parts  at  /»',  C,  D,  etc.,  say,  for  convenience  in 
this  example,  in  ten  equal  parts;  then  each  part  will  equal 
one  foot,  and  we  shall  have  the  consecutive  values  of  x—  i. 
2.  3,  4,  etc.,  to  10,  and  the  corresponding  values  of/  will  be 
as  follows.     When^ 


r 


X  — 


r=  V'6.4x    1=   i^'~6^  =  2'S297  =  By, 


X  =  2,  j>  =  i6.4x  2  =  V  12-8  =  3'S777  —  C H, 
X  =  3,  V  =  V6.4X  3  =  V'  19-2  ■=  43818  =  Z?^, 
4=  i/'i^=  5-0596  =  ^^. 
=  5.6569  =  (etc.), 


X  =    4,  J/ 


♦  6-4 


X  —    5,    I'  =   v6-4  X    5  =  f  32 

J-  =    6,  _j'  =   V 6T^  ~6  —  V  38-4  =  6- 1968  = 

-V  =    7.  J  -   V6.4X  7  ^   i^  44-8  =  6-6933  = 


x=  8,  J' =  *6-4x  8=  V' 51-2  =  7-1554  = 
.1-  =  9,  ,'  =^  16.4  X  9  =  V'"57-'6  =  7-5895  = 
4-  =  10,  /  =  4/6.4 X  10  =   l/'64r'  =  80        =  ,VP, 

With  these  values  of  r,  respectively,  set  on  the  corresj 
ing  hcjiizuntal  lines  li  jt,  C//,  DG,  £ S,  etc.,  points  in  the 
curve  i/,  //,  G,  5,  etc.,  are  obtained,  through  which  the  curve 
may  be  drawn.  The  decimals  above  shown  are  the  decimal 
ol  a  foot ;  they  may  be  changed  to  inches  and  decimals  of 
inch  by  multiplying  each  by  12.  For  example:  12x0*52 
=  6-3564  equals  6  inches  and  the  decimal  0'3564  of  an  in< 
which  equals  nearly  3  of  an  inch. 

Near  the  top  of  the  curve,  owing  to  its  rapid  change 
direction  and  to  the  approximation  of  the  direction  of  tl 
curve  to  a  parallel  with  the  direction  of  the  ordinates,  it 
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desirable  to  obtain  points  in  the  curve  more  frequent  than 
those  obtained  by  dividing  the  axis  into  equal  parts. 

Instead,  therefore,  of  dividing  the  axis  into  equal  parts, 
it  is  better  to  divide  it  into  parts  made  gradually  smaller 
toward  the  apex  of  the  curve — or,  to  obtain  points  for  this 
part  of  the  curve  as  shown  in  the  following  article. 

47  !• — ^Parabola :  Described  from  DIameterfi. —  Let  E  C 

{Fig.  312)  be  the  given  base  and  A  E  the  given  height,  placed 
perpendicularly  to  E  C.  Divide  E  C  '\n  several  parts  at 
pleasure,  and  from  the  points  of  division  erect  perpendicu- 
lars to  E  C.  The  problem  is  to  compute  the  length  of  these 
diameters,  as  DP,  and  thereby  obtain  points  in  the  curve,  as 
at  P.    For  this  purpose  we  have  equation  (183.),  which  gives 


D  c 

Fig.  312. 

the  length  of  the  diameters,  and  in  which  n  equals  D  C  {Fig. 
312),  /equals  twice  EC,  and  /  equals  half  the  parameter  of 
the  curve.  The  value  of  /  is  given  in  equation  (A.),  {Art 
470),  in  which  y  equals  EC  {Fig.  312),  and  x  equals  A  E. 
Substituting  these  symbols  in  equation  (A.),  we  have — 


/  = 


2X 


EC 
2xAE 


11 
2  P 


where  d  =  EC,  the  base,  and  h  —  A  E,  the  height.     For  /, 
substituting  this,  its  value,  in  equation  (183.),  we  have — 

n{l—fi)      ,n{l—n) 


i  = 


h  n{2h  —  n) 


(184.) 


A 


$d& 
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As  an  example :  let  It  be  required  in  a  parabola  in  which 
the  base  equals  12  feet  and  the  height  8  feet,  to  compute  the 
length  of  several  diameters,  and  through  their  extremities 
describe  the  curve.    Then  /i  will  equal  8,  and  l>  12. 

If  the  base  be  divided  into  6  equal  parts*  as  in  /%■.  312, 
each  part  will  equal  2  feet.    Then  we  have — 


8 

12* 


144 


I 
18  ' 


and — 


d==  -ptt{2b-n), 

n{24-n) 
''=        18       • 

In  this  equation,  substituting  the  consecutive  values  of  n, 
we  have,  when — 


0x24 
»  =    O,    fl  =  — -^ —  =  o 


» =    2,    </  = 


18 

2x22 
"78 


=  2.444 


.        4x  20 
«=    4,    d= — -^ =4-444 


«  =    6,    </  = 
»=    8,    d  = 


18 

6x  18 
"18 

8x  16 
~i8 


=  6. 
=  7-III 


lox  14 
«=io,    ^="78 —  =  7-777 

12  X  12 
«=i2,    d= — j^ =  8-o 

The  several  diameters,  as  PD,  in  Fig.  312,  may  now  be 
made  equal  respectively  to  these  computed  values  of  d,  and 
the  curve  traced  through  their  extremities. 
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4'72. — ^Parabola:  Area. — From  (181.),  the  equation  to 
the  parabola,  and  by  the  aid  of  the  calculus,  it  has  been 
shown  that  the  area  of  a  parabola  is  equal  to  two  thirds  of 
the  circumscribing  rectangle.  For  example :  if  the  height, 
AE  {Fig.  312),  equals  8  feet,  and  EC,  the  base,  equals  12 
feet,  then  the  area  of  the  part  included  within  the  figure 
A  P  CE  A  equals  f  of  8  x  12  =  |  x  96  =  64  feet ;  or,  it  is  equal 
to  f  of  the  rectangle  ABCE. 


SECTION  XIV.— TRIGONOMETRY. 

473. — Riglit-Angled  TrianflMt  The  fMet. — In  right- 
angled  triangles,  when  two  sides  are  given,  the  third  side 
may  be  found  by  the  relation  of  equality  which  exists  of 
the  squares  of  the  sides  {Arts.  353  and  416).    For  example, 


if  the  sides  a  and  b  {Fig-  3 1 3)  are  given,  f ,  the  third  side, 
may  be  computed  from  equation  (115.) — 

Extracting  the  square  root,  we  have — 


When  the  hypothenuse  and  one  side  are  given,  by  transposi- 
tion of  the  factors  in  (i  I5.)»  we  have — 


or — 


a    =  c   —  p 


a=z\'c'-y 


b' 


b=\^c 


a'. 


(A.) 
(B.) 


TWO  SIDES  GIVEN  TO  FIND  THE  THIRD.  511 

Owing  to  the  factors  being  involved  to  the  second  power  in 
this  expression,  the  labor  of  computation  is  greater  than 
that  in  a  more  simple  method,  which  will  now  be  shown. 

In  equation  (A.)  or  (B.)  the  factors  under  the  radical  may 
be  simplified.     By  equation  (i  14.)  we  have — 

c*-b*  =  {c-^b){c-b). 
Therefore,  equation  (A.)  becomes — 


«  =  i/(^  +  b)  {c  —  b), 

a  form  easy  of  solution. 

For  example:  let  c  equal  29-732  and  b  equal  13-216,  then 
we  have — 

29-732 

13-216 

The  sum  =  42-948 
The  difference  =  16-516 

By  the  use  of  a  table  of  logarithms  {Art.  427)  the  problem 
may  be  easily  solved  ;  thus — 

Log.  42-948  =  I  -6329429 
16-516  =  1-2179049 

To  get  the  square  root —         2)2-  8508478 

a  =  26-6332  =  1-4254239 

This  method  is  applicable  to  the  sides  of  a  triangle,  only ; 
for  the  hypothenuse  it  will  not  serve.  The  length  of  the 
hypothenuse  as  well  as  that  of  either  side  may,  however,  be 
obtained  by  proportion  ;  provided  a  triangle  of  known  di- 
mensions and  with  like  angles  be  also  given. 

For  example:  in  F(^.  314,  in  which  the  two  sides  a  and 
d  are  known,  let  it  be  required  to  find  c,  the  hypothenuse. 

Draw  the  line  D  E  parallel  with  A  C,  then  the  two  trian- 
gles BDE  and  B  AC  are  homologous;  consequently  their 
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corresponding  sides  are  in  proportion  (Ar/.  361).     Hence,  if] 
{i  equals  unity,  wc  havc^ 


from  which,  when  a  und  f  arc  known,  c  is  obtained  by  sim- 
ple multiplication. 

474. -Rlsht- Angled  Triangles:  Trlgronoinelrlcal  Ta* 
bles. — To  render  the  sinii>le  method  last  named  available, 
the  lengths  of  d,  c  and  f  {Fig.  314)  have  been  computed  for 
triangles  of  all  possible  angles,  and  the  results  arranged  in 


Fio.  314. 

tables,  termed  Trigonometncat  Tables.  The  lines  d,  e,  .md 
fy  are  known  as  sines,  cosirttc,  langents,  cotangtnts,  etc.,  as 
shown  in  Fig.  315 — where  A  B  \^  the  radius  of  the  circle 
B  CM.  Diaw  a  line  A  /%  from  A,  through  any  point,  C,  of  the 
arc/?  6".  FromC^dniw  C/?  perpendicular  to  A  B ',  from/' 
draw  BE  perpendicular  to  A  B\  and  from  G  draw  G FpcT- 
pendicular  tu  A  G. 

Then,  for  the  an^^lc  FAB,  when  the  radius  y|  6' equals 
unity,  CD  is  the  situ- ;  AD  tht  cosint ;  D  B  the  versrd  siw : 
B  E  the  tntigifit  ;    (i  F  the  cot  an  gen  t  ;    AE  the  secant;  an^U 
A  F the  (osccant.  ^B 

But  if  the  angle  be  larger  than  one  right  angle,  yet  less 
than  two  rii^iU  angles,  as  BA  H,  extend  HA  to  KvloAEB 
to  A',  and  from  //  draw  H  J  perpendicular  to  A  J, 
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Then,  for  the  angle  BAH,  when  the  radius  A  H  equals 
unity,  H  y  \%  the  sine  ;  A  jf  the  cosine ;  BJ  the  versed  sine  ; 
B  K  the  tangent ;  and  A  K  the  secant. 

When  the  number  of  degrees  contained  in  a  given  angle 
is  known,  the  value  of  the  sine,  cositte,  etc.,  corresponding  to 
that  angle,  may  be  found  in  a  table  of  Natural  Sines,  Co- 


FiG.  315. 

sines,  etc.     Or,  the  logarithms  of  the  sines,  cosines,  etc.,  may 
be  found  in  logarithmic  tables. 

In  the  absence  of  such  a  table,  and  when  the  degrees 
contained  in  the  given  angle  are  unknown,  the  values  of 
the  sine,  cosine,  etc.,  may  be  found  by  computation,  as  fol- 
lows:— Let  ABC  {Fig.  316)  be  the  given  angle.  At  any 
distance  from  B  draw  b  perpendicular  to  B  C.  By  any  scale 
of  equal  parts  obtain  the  length  of  each  of  the  three  lines  a, 
b,  c.     Then  for  the  angle  at  B  we  have,  by  proportion — 
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c  :  d  :  :  I'O  :  sm.      B  = —, 

c 

c  :  a  :  :  i  'O  :  cos.     B  =  ~, 

c 

a  '.  b  '.:  A'Q  :  tan.     B  =  -, 

a 

b  :  a  ::  i  -o  :  cot.     ^  =  -. 

o 

a  :  c  :  :  i-o  :  sec.     B  ■=.  -. 

a 

b  :  c  '.'.  i-o  :  cosec./f  =Y' 


Or,  in  any  right-angled  triangle,  for  the  angle  contained 
between  the  base  and  hypothenuse — 

When  perp.  divided  by  hyp.,  the  quotient  equals  the  sine. 
••      base        "        "   hyp.,      "  "  "    cosint. 

"      perp.       "        "  base,      "  "  "    tangent. 

"      base        "        "   perp.,      "  "  "    cotangent 

"      hyp.         "        "  base,      "  "  "    secant. 

"      hyp.        "        "   perp.,      "  "  "     cosecant. 

To  designate  the  angle  to  which  a  trigonometrical  terra 
applies,  the  letter  at  the  intended  angle  is  annexed  to  the 


Fig.  316. 


name  of  the  trigonometrical  term  ;  thus,  in  the  above  exam- 
ple, for  the  sine  oi  A  B  C  wc  write  sin.  B :  for  the  cosine, 
cos.  B,  etc. 
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By  these  proportions  the  two  acute  angles  of  a  right- 
angled  triangle  may  be  computed,  provided  two  of  the 
sides  are  known.  For  when  the  perpendicular  and  hypoth- 
enuse  are  known,  the  sine  and  cosecant  may  be  obtained. 
When  the  base  and  hypothenuse  are  known,  the  cosine  and 
secant  may  be  computed.  And  when  the  base  and  perpen- 
dicular are  known,  the  tangent  and  cotangent  may  be  com- 
puted. 

Either  one  of  these,  thus  obtained,  shows  by  the  trigo- 
nometrical tables  the  number  of  degrees  in  the  angle  ;  and, 
deducting  the  angle  thus  found  from  90°,  the  remainder  will 
be  the  angle  of  the  other  acute  angle  of  the  triangle.    For 


example  :  in  a  right-angled  triangle,  of  which  the  base  is  8 
feet  and  the  perpendicular  6  feet,  how  many  degrees  are 
contained  in  each  of  the  acute  angles  ? 

Having,  in  this  case,  the  base  and  perpendicular  known* 
by  referring  to  the  above  proportions  we  find  that  with 
these  two  sides  we  may  obtain  the  tangent ;  therefore — 


Tan.  5  =  ^-=^-=0.75. 


Referring  to  the  trigonometrical  tables,  we  find  that  0-7$  is 
the  tangent  of  36®  52'  12",  nearly ;  therefore — 

The  quadrant  equals  90-  o-  o 
The  angle  B  equals  36- 52 -12 

The  angle  A  equals  53  •07-48 
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475. — RictatpAngled  Trtaiifflei :  TrigoBoatetrleal  WaiM 
of  Sidef.— In  the  triangle  ABC  {Fig.  317),  with  BP=^ii(X 
radius,  and  on  ^  as  a  centre,  describe  the  arc  PD,  and  from 
its  intersection  with  the  lines  A  B  and  B  C,  draw  PM  and 
TD  perpendicular  to  the  line  B  C.  Then  from  homologous 
triangles  we  have  these  proportions  for  the  perpendicular— 

BD  '.  DT  ::  BC  ',  CA, 

r  :  tan.  B  :  :  base  :  perp., 


Also — 


I  :  tan.  B  : :  a  -.  b  =  a  tan.  B.  (185.) 

BP:  PM  '.'.  BA  :  AC, 

r  :  sin.  B  :  :  hyp.  :  perp., 

I  :  sin.  B  '.'.  c  \  b-=.  c  sin.  B.  (186.) 

For  the  base,  we  have — 

BP  :  BM  '.'.  BA  :  B  C, 

r  :  COS.  B  :  :  hyp.  :  base, 

1  :  COS.  B  :  :  c  :  a  =  c  cos.  B.  (187.) 

Again — 

TD  :  BD  ::  AC  :  BC, 

tan.  B  :  r  :  :  perp.  :  base, 

tan.  B  :  I  '.'.  b  '.  a  =  — ^,v  (188.) 

tan.  B  ^       ' 

For  the  hypothenuse,  we  have — 

PM  '.  PB  '.'.  AC  '.'.  AB, 
sin.  B  '.  r  '.'.  perp.  :  hyp., 


Again — 
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Sin.  B  '.  I  \\  b  \  c  =  — ~ . 

sin.  B 

(189.) 

BD  :  BT  '.'.  BC  '.  B  A, 

BD 

:  BT, 

sec. 

_     I 

COS. 

r  :  sec.  B  :  :  base  :  hyp., 


I  :  sec.  B  :  :  a  :  c  =  a  sec.  B  = -.      (iQO.) 

cos.  B       ^  ^   ^ 


This  substitution  of  the  cos.  for  the  sec.  is  needed  because 
tables  of  secants  are  not  always  accessible.  That  it  is  an 
equivalent  is  clear ;  for  we  have — 


BM  :  BP 


COS. 


By  these  equations  either  side  of  a  right-anjj^led  triangle 
may  be  computed,  provided  there  are  certain  parts  of  the 
triangle  given.  As,  for  example :  of  the  six  parts  of  a  tri- 
angle (the  three  sides  and  the  three  angles),  three  must  be 
given,  and  at  least  one  of  these  must  be  a  side. 

As  an  example  :  let  it  be  required  to  find  two  sides  of  a 
right-angled  triangle  of  which  the  base  is  100  feet,  and  the 
acute  angle  at  the  base  is  35  degrees.  Here  we  have  given 
one  side  and  two  angles  (the  base,  acute  angle,  and  the  right 
angle)  to  find  the  other  two  sides,  the  perpendicular  and  the 
hypothenuse. 

Among  the  above  rules  we  have,  in  equation  (185.),  for 
the  perpendicular — 

b  =  a  tan.  B, 

Or :  The  perpendicular  equals  the  product  of  the  base  into  the 
tangent  of  the  acute  angle  at  the  base. 
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Then  (Arf.  427) — 
The  iogarithmic  tangent  ol  B  (=  35°)  is  9 •8452268 
Log-.  ()[  a  {—  100)  is  2-0000000 

Perpendicular,  d  (=  70 -02075)  =  1  -8452268 

And    for   the   hypothcnuse,  taking   equation   (190.),  we 
have — 


c  = 


COS.  B 


Or:    The  hypothcnuse  equals  the  quotient  of  the  base  divide 
by  the  cosine  of  the  acute  angle  at  the  base. 
For  this  we  have — 

Log.  of  a  (=  100)  is  2- 0000000 
"    COS.  B  (=  35°)  is  9-9133^^5 
Hypothenuse  c{—  122-0775)  =  2-0866355 

We  thus  find  that  a  right-angled  triangle,  having  an  .infrle 
of  35  degrees  at  the  base^  has  its  three  sides,  the  j>erpendic- 


ular,  base,  and  hypothenuse,  respectively  equal  to  7O'0207i 
100.  and  122-0775. 

N.B. — The  angle  at  A  {fig.ixf)  is  obtained  by  deducting 
the  angle  at  B  from  90°  {Art.  346).  Thus,  90  —  35  =  SS' 
this  is  the  angle  at  A,  in  the  above  case. 

If  the   perpendicular  be  given,   then    for  the  base  use 
equation  (188,).  and  for  the  hypothenuse  use  equation  (189.) 
If  the  hypothenuse  be  given,  then  for  the  base  use  equati( 
(187.')  and  ft>r  the  perpendicular  use  equation  (186.). 
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476a — Obllqae-Angied  Triangles:   Sines  and  Sides. — In 

the  oblique-angled  triangle  A  BC  {Fig.  318)  from  C  and  per- 
pendicular to  AB  draw  CD.  This  line  divides  the  oblique- 
angled  triangle  into  two  right-angled  triangles,  the  lines  and 
angles  of  which  may  be  treated  by  the  rules  already  given ; 
but  there  is  a  still  more  simple  method,  as  will  now  be 
shown. 

As  shown  in  Art.  ^y^:  "When  the  perpendicular  is  di- 
vided by  the  hypothenuse  the  quotient  equals  the  sine." 
Applying  this  to  Fig.  318,  we  have — 

sm.  A  =  -', 
b 

sm.  B  —  ~. 
a 

Let  the  former  be  divided  by  the  latter ;  then — 

d 
sin.  A  _b 
sin.  B~  d  ' 

a 

or,  reducing,  we  have — 

sin.  A  _a 
sin.  B      b  ' 

or,  putting  the  equation  in  the  form  of  a  proportion — 
sin.  B  :  sin.  A  \\b\a\ 

or ;  the  sines  are  in  proportion  as  the  sidcs^  respectively  op- 
posite. Or,  as  commonly  stated,  the  sines  are  in  proportion 
as  the  sides  which  subtend  them. 

This  is  a  rule  of  great  utility  ;  by  it  we  obtain  the  follow- 
ing: 

Referring  to  Fig.  318,  we  have— 

r,       '       A        r   -  r  sin.  A  ,       . 

sm.  B  :  sm.  A  :  :  b  :  a  =  b .  (lOi-) 

sm.  B 
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sin.  C  :  sm.  A  :  :  c  :  a  =  c 

sin.  A  :  sin.  B  :  :  a  :  d  =  a 

sin.  C  :  sin.  B  :  :  c  '.  b  =■  c 

sin.  A  :  sin.  C  : :  a  :  r  =  a 

sin.  B  :  sin.  C  :  :  ^  :  ^  =  ^ 


sin.  A 

sin.  C ' 
sin.  B 

sin.  ^ ' 
sin.  B 

sin.  C" 
sin.  C 

sin.  y4 ' 
sin.  C 

sin.  Z?  * 

(192.) 

(193.) 
(194.) 

('95) 
(196.) 


These  expressions  give  the  values  of  the  three  sides  respec-* 
tively ;  two  expressions  for  each,  one  for  each  of  the  two 
remaining  sides ;  that  is  to  be  used  which  contains  the  givtn 
side. 

From  these  expressions  we  derive  the  values  of  the 
sines  \  thus — 


sin.  A  =  sin.  ^  .-• 


(I97-) 
(198.) 

(I99-) 
(200.) 
(201.) 
(202.) 


477.  —  Obllqoe  -  Angled  Triangles:    Ftrtt  <71aM.  —  The 

problems  arising  in  the  treatment  of  oblique-angled  trian- 
gles have  been  divided  into  four  classes,  one  of  which,  the 


d' 

sin 

A  =  sin 

c 

sin. 

B  =  sin. 

At. 
a 

sin. 

B  =  sin. 

cl. 

C 

sin. 

C  =  sin. 

a'-. 

a 

sin. 

C  =  sin. 

^*- 

TO  FIND  THE.  TWO  SIDES.  §21 

first,  will  here  be  referred  to.  The  problems  of  the  first 
class  are  those  in  which  a  side  and  two  angles  are  given,  to 
find  the  remaining  angle  and  sides. 

As  to  the  required  angle,  since  the  three  angles  of  every 
triangle  amount  to  just  two  right  angles  {Art.  345),  or  180°, 
the  third  angle  may  be  found  simply  by  deducting  the  isum 
of  the  two  given  angles  from  180°. 

For  example :  referring  to  Fig.  318,  if  angle  A  ■=■  \%°  and 
angle  B  =  42°,  then  their  sum  is  18  +  42  =  60,  and  180  — 
60  =  120°  =  the  angle  AC B. 

To  find  the  two  sides :  if  /i  be  the  given  side,  then  to  find 
the  side  b  we  have,  equation  (193.) — 

,  sin.  B 

b-a  ~. ; 

sm.  A 

or,  the  side  b  equals  the  product  of  the  side  a  into  the  quo- 
tient obtained  by  a  division  of  the  sine  of  the  angle  opposite 
b  by  the  sine  of  the  angle  opposite  a. 

For  example:  in  a  triangle  {Fig.  318)  in  which  the  angle 
A  =  18°,  the  angle  B  =  42°  (and,  consequently  (Art.  345)  the 
angle  C=  120°),  and  the  given  side  a  equals  43  feet;  what 
are  the  lengths  of  the  sides  b  and  c?    Equation  (193.)  gives — 

,         sin.  B 
sin.  A 

Performing  the  problem  by  logarithms  (Art.  427),  we 
have — 

Log.     rt(=:  43)  =2*^334685 

Sin.  B{=  42°)  =  9.8255109 

£.4589794 
Sin.  A  (=  18'')  =  9.4899824 

Log.  ^  (=  93  •  1 102)  =  1 .9689970. 

Thus  the  side  b  equals  93  •  1 102  feet,  or  93  feet  i  inch  and 
nearly  one  third  of  an  inch. 
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For  the  side  f,  we  have,  equation  (195.) — 

sin.  C 


c  =  a 


sin.  A  ' 


or- 


Log.  rt(=  43)  =  £.6334685 
Sin.  C{=  120°)  =  9-9375306 

1-5709991 
Sin.  A{=  18°)  =  9.4899824 

Log.  r(=  120.508)  =  2-0810167 

or,  the  base  c  equals  120  feet  6  inches  and  one  tenth  of  an 
inch,  nearly.  But  if  instead  of  a  the  side  ^  be  given,  then 
for  a  use  equation  (191.),  and  for  c  use  equation  (196.). 

And,  lastly,  if  ^  be  the  given  side,  then  for  a  use  equation 
(192.),  and  for  d  use  equation  (194.). 

478. — Oblique- Angled  Triangles:  Second  Class.— The 
problems  which  comprise  the  second  class  are  those  in  which 
tivo  sides  and  an  atigle  opposite  to  one  of  them  arc  given,  to 
find  the  two  remaining  angles  and  the  third  side. 

The  only  requirement  really  needed  here  is  to  find  a 
second  angle  ;  for,  with  this  second  angle  found,  the  j)roblem 
is  reduced  to  one  of  the  first  class ;  and  the  third  side  may 
then  be  found  under  rules  given  in  Art.  477. 

To  find  a  second  angle,  use  one  of  the  equations  (197.I  to 

(202.). 

For  example  :  in  the  triangle  ABC  {Fig.  318),  let  <t(=  43^ 
and  bi=  93- 1  0  be  the  two  given  sides,  and  A,  the  angle  op- 
posite a,  be  the  given  angle  (=  18").  Then  to  find  the  angle 
B,  we  have  e(iuation  (199.) — (selecting  that  which  in  the 
right  hand  member  contains  the  given  angle  and  sides) — 

sin.  B  =  sni.  A  - 
a 

=  sin../?3--.'!. 
43 
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By  logarithms  (Art.  427),  we  have— 

Log.  sin.  A{=  18°)  =  9-4899824 
"93.11  =  1.9689970 

1.4589794 
=  1.6334685 
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sin.  B  (= 


42^)  =  9-8255109 


By  reference  to  the  log.  tables,  the  last  line  of  figures,  as 
above,  is  found  to  be  the  sine  of  42°  ;  therefore,  the  required 
angle  B  is  42°.    Then  180**  —  (18''  +  42°)  =  120°  =  the  angle  C. 

With  these  angles,  or  with  any  two  of  them,  the  third 
side  c  may  be  found  by  rules  given  in  Art.  477. 


Fig.  319. 

479. — Obilque-Anfirlecl  Triangles  :  Sum  and  DlflTcrenee 
or  Tiiro  Angles. — Preliminary  to  a  consideration  of  prob- 
lems in  the  third  class  of  triangles,  it  is  requisite  to  show  the 
relation  between  the  sum  and  difference  of  two  angles. 

In  Fig.  319,  let  the  angle  A  J M  and  the  angle  A  J N  be 
the  two  given  angles  ;  and  let  A  J M  be  called  angle  A,  and 
A  J Ny  angle  B.  Now  the  sum  and  difference  of  the  angles 
may  be  ascertained  by  the  use  of  the  sum  and  difference  of 
the  sines  of  the  angles,  and  by  the  sum  and  difference  of  the 
tangents.     In  the  diagram,  in  which  the  radius  A  J  equals 


equals  the  sum  of  the  sines  of  the  angles. 

With  the  radius  y6' describe  the  arc  J D E,  and  tangent 
to  this  arc  draw  FH  parallel  with  M M\  or  perpendicular 
to  AB. 

Then  FD  is  the  tangent  of  the  angle  MCN,  and  Z>//  is 
the  tangent  of  the  angle  N C M'. 

Now  since  an  angle  at  the  circumference  is  equal  to  half 
the  angle  at  the  centre  standing  on  the  same  arc  {Art.  355). 
theielore  the  measure  of  the  angle  MCN  is  the  half  of  J/-V. 
equals — 

\{AAf—AN)  =  ii{A  -B), 

Similarlvi  wc  have — 

^{AM'+AN)  =  ^(A+£), 

s 

for  the  angle  NCM'. 

Therefore  we  have  for  the  tangent  of  the  angle  MC^ 

FD  =  {au.  i{A  -B), 

and,  for  the  tangent  of  the  angle  N C M' — 

DM  =  Xxin.  i(/I  +  B). 

And,  because  FC D  and  M  CR  are  homologous  triangles, 
also,  DCH  and  RCAf,  therefore— 


M' R  :  MR  ::  DM  :  D F, 
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sin.  A  +  sin.  B  :  sin.  A  —  sin.  B  :  :  tan.  i  (.4  +  B)  :  tan.  i{A  —  B), 

from  which  we  have — 

sin.  A  —  sin.  B  __  tan.  ^  {A  —  B)  ,j^. 

sin.  ^  +  sin.  B  ~  tan.  ^{A  +  B)'  ^    '^ 

To  obtain  a  proper  substitute  for  the  first  member  of  this 
expression  we  have,  equation  (195.) — 

sin.  C 
sin.  A 
or — 

c  sin.  A  =  a  sin.  C.  (M.) 

We  also  have,  equation  (196.; — 

•  sin.  C 
sm.  B 
or — 

c  sin.  B  —  b  sin.  C.  (N.) 

These  two  equations,  (M.)  and  (N.),  added,  give — 

c  sin.  A  -t  c  sin.  B  =  a  sin.  C  +  d  sin.  C. 
or — 

c  (sin.  -(4  +  sin.  B)  =  sin.  (r(rt  +  b).  (P.) 

But,  if  equation  (N.)  be  subtracted  from  equation  (M.),  we 
have — 

c  sin.  A  —  c  sin.  B  —  a  sin.  C  —  b  sin.  C, 
or— 

c{^\n.A—%\n.B)  =  A^\n.C{a  —  U).  (R.) 

If  equation  (R.)  be  divided  by  equation  (P.),  we  have — 

^(sin.  A  —  sin.  B^  _  sin.  C{a  —  b) 
f  (sin.  ^  +  sin.  ^)  ~  sin.  C(tz  +  ^)  * 


5^6 

which  reduces  to 
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sin.  A  —  sin.  B  _a  —  b 
sin,  A  4-  sin.  B      t?  +  d ' 

The  first  member  ol  this  equation  is  identical  with  the  fii 
member  of  the  above  equation  (D.),  and  therefore  its  eqiii 
the  second  member,  may  be  substituted  for  it ;  thus — 

a  —  b  _  tan.  HA  -  B) 


tan.  ^^{A 


From  which  we  have- 


tan,  i  (y^  -  ^  =  tan.  i  (^ -f  j5)  ^ f.        (2^ 

a  -\-  p 

We  have  (Arf,  431 )  the  proposition,  that  if  half  the  differ- 
ence of  two  quantities  be  subtracted  from  half  their  sum, the 
remainder  will  equal  the  smaller  quantity.  For  example: 
if  A  represent  the  larger  quantity  and  B  the  smaller,  then— 


i{A+B)~^{A  -B)=Bi 
and,  again,  we  also  have  {Ar/.  431) — 

H-^  +B)  +  i{A  -B)^  A. 


(204.) 


(205.) 


480.— Ohllquc-AnKled  THaiifflcti:  Third  ClaM.  — The 
third  class  of  problems  comprises  all  those  cases  in  which  two 
sides  of  a  triangle  and  their  included  angle  are  given,  to 
find  the  otlier  side  and  angles. 

In  this  case,  as  in  the  problems  of  the  second  class, 
only  requirement  here  is  to  find  a  second  angle :  for  th* 
the  problem  becomes  one  belonging  to  the  first  class.  But 
the  finding  of  the  second  angle,  in  problems  of  the  third 
class,  is  attended  with  more  computation  than  it  is  in  pro^ 
lems  of  the  second  class.  The  process  is  as  follows: 
ing  one  angle  of  a  triangle,  the  sum  of  the  two  reroainii 


,to 
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Qgles  is  obtained  by  subtracting  the  given  angle  from 
80°  —  the  sum  of  the  three  angles. 

Then  with  equation  (203.)  the  difference  of  the  two  angles 
\  obtained.  A-nd  then,  having  the  sum  and  difference  of  the 
wo  angles,  either  may  be  found  by  one  of  the  equations 
!Oi4.)  and  (205.). 

For  example:  let  Fig.  320  represent  the  triangle  in 
rhich  a  (=  36  feet)  and  ^(=  27  feet)  are  the  given  sides ;  and 


r  (=  105°)  the  angle  included  between  the  given  sides,  a  and 
.    Thesum  of  the  two  angles  A  and  B,  therefore,  will  be — 

(^  +  ^)  =  180  -  105  =.  75°, 

nd  the  half  of  the  sum  of  A  and  ^  is  ^  =  37°  30'. 

The  sum  of  the  given  sides  is  36  +  27  =  63,  and  their  dif- 
srence  is  36  —  27  =  9. 

Then  from  equation  (203.)  we  have — 

tan.  i(^  -  ^)  =  tan.  37°  30^/. 

Solving  this  by  logs.  {Art.  427),  we  have — 

Log.  tan.  37°  30'  =  9-8849805 
9    =  0.9542425 

0-8392230 

63  =  1-7993405 

tan.  i(^  -  ^(=  6°  15'  20-5")  =  9.0398825 

Thus  half  the  difference  of  A  and  B  is  6°  15'  20-5",  nearly. 
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By  equation  (204. 


37°  30' 
6"  15' 20.5' 


The  difference,  ^i^  14'  39-5"=  5, 

and  by  equation  (205.)— 

37.30 
>  6.15.20-5 


The  sum,    43.45 .20 •  5  =  A 

From  above,    31.14.39-5  =  ^ 

The  ^ivcn  angle,  105.  0.0      =  C" 

The  three  angles,  180.  o.  o 

Thus,  by  addino^  together  the  three  angles,  the  work  is 
tested  and  proved. 

Having  the   three   angles,  the  third  side  may  now  be 
found  by  the  rule  for  problems  of  the  first  class. 


I 


4*8 1. —  OI>liquc--i%ii{,'^]v4l  Trinnglew:   Fourth  €la«ii.  —  Tm 

fourth  class  comprises  those  problems  in  which  the  three 
sides  of  the  triangle  are  given,  t<t  find  the  three  angles.       ^| 

The  method  by  which  the  problems  of  the  fourth  clasIB 
are  solved  is  to  divide  the  triangle  into  two  right-angled 
triangles;  then,  by  the  use  of  equation  (129.),  to  find  one 
side  of  one  of  these  triangles,  and  then  with  this  side  to  find 
one  of  the  angles,  then  by  rules  for  the  second  class  prob- 
lems, obtain  the  second  and  third  angles. 

Thus,  from  equation  (i29.>,  we  have — 


^  2C 


By  the  relation  of  sines  to  sides  {Arf.  476),  we  have  (Fl^ 
321)— 


b  :  g  w  sin.  E  :  sin.  F. 
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But  the  angle  £  is  a  right  angle,  of  which  the  sine  is  unity, 
therefore — 

b  \  g  w  I  :  sin.  F ^^. 
Substituting  for  g  its  value  as  above,  we  have — 


sin 


P_c^-{a^b){a^b) 


2bc 


(206.) 


To  illustrate:  let  a,  b,  c  {Fig.  321)  be  the  three  given  sides 

C 


of  the  triangle  ABC,  respectively  equal  to  12,  8  and  16  feet. 
With  these,  equation  (206.)  becomes — 


sin 


P_  16' -- (12 +  8) (12 -8) 
2  X  8  X  16  ' 


.      ^      256  —  (20  X  4) 

Sin.  F  =  -^ --:■ — ^^ , 

256 


.         rs         176 

sm.  F  =  -i-f . 
256 


Solving  this  by  logarithms  {Art.  427),  we  have — 

Log.  176  =  2.2455127 
"  256  =  2-4082400 

Log.  sin.  43°  26'  =  9-8372727 
or,  the  angle  at  F  equals  43*  26',  nearly.    Of  the  triangle 
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A  C E  {I'ig.  12 \),  E  is  a  riglit  angle,  therefore  the  sum  of 
and  Ay  the  two  remaining  angles,  equals  90""  {Art.  346J. 
Hence,  ior  the  angle  at  Ay  we  have — 


A  =90"  —  43°  26'  =  46''  34'. 


We  now  have  two  sides  a  and  l>  and  A,  an  angle  opposite 
to  one  of  them,  to  find  /?,  a  second  angle.  For  this,  cqua 
tion  (199.)  is  appropriate.     Thus — 


sin.  B  ~  sin.  A  - . 
a 


This  may  be  solved  as  shown  in  Art.  478. 

And,  when  the  second  angle  is  obtained,  the  third  angle 
is  found  by  subtracting  the  sum  of  the  first  and  second  an- 
gles from  iSo^.  ■! 

But  to  test  the  accuracy  of  the  work,  it  is  well  to  com-^* 
putc  the  angle  C  from  the  angle  A^  and  the  sides  a  and  c 
For  this,  equation  (201.)  will  be  appropriate. 

482, — Trlgonamefrlc    Formiilip  :    Rlfrlit>Anglc<l  Tr 
%\en, —  For  facility  of  reference   the    formula:  of    previoi 


articles  are  here  presented  in  tabular  form.     The  symbol 
referred  to  are  those  of  Fig.  322. 


FORMULiE  IN  TABULAR  FORM; 
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GiVKN. 

Required. 

FORMUL*. 

a,  b, 

b,  c, 

b, 
a. 

c  =  i^a'+P. 

b  =  V{c  +  a)  {c  —  a). 

a  =  V{c  +  b)  {c  —  b). 

A, 
B, 

B, 

A, 

B=90°-A. 
A  =  go''-B. 

B,a, 

b, 

b  =  a  tan.  B. 
a 

~  COS.  B ' 

B,b, 

a, 

b 
~  tan.  B ' 

_       b 
sin.  B ' 

■i 
B,c, 

a, 
b. 

a  =■  c  COS.  B. 
b  =  c  sin.  B. 

483< — ^Trigonometrical  Formulae :  First  Clara,  Oblique. 

C 


— The  symbols  of  the  formulae  of  the  following  table  indi- 
cate quantities  represented  in  Fi£^.  323  by  like  symbols. 
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Oblique-Angled  Triangles:    First  Class. 


Given. 

Required. 

FoznvLM. 

A,B, 

A, 

C=iSo  —  A+B. 

B=  ido  —  A  +  C. 

A=  iho-B  +  C. 

1 

A,  3,  b, 
A,  C,  €, 

.sin.  A 
Sin.  B 

sin,  A 

a  =  C-. -^. 

Sin.  C 

A,  B,  a, 

B,  Q  r. 

,          sin.  B 

sin.  A 

,          sin.  B 

sm,  C 

1 

At  C>  «, 
B,  C,  b. 

sin,  C 
5in.  A 

.sin,  C 

c  —  b- ^. 

sm,  i^ 

1 

1 

484a — Trivonometrlcal  Formalae ;  Second  Class,  OblMv^ 

— The  symbols  in  the  formulae  of  the  following  table  refer 
to  quantities  represented  in  Fig.  323,  by  like  symbols. 
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Oblique-Angled  Triangles;    Second  Class. 


1  ■     -    

1    Given, 

Required. 

FoRMULiC. 

B^  a,  b. 

A, 

sin.  A  =  sin.  B  j-. 

0 

C,  a,  c, 

A, 

sin.  A  =  sm.  c  — . 
c 

A,  a,  b, 

B, 

'        n           •        A^ 

sin.  ^  =  sin.  y3  -. 
a 

1  C  b,  c, 

i 

B, 

sm.  B  —  sin.  C  —. 
c 

A,  a,  Cy 

c, 

sin.  C  =  sin.  A  — . 
a 

B,  b,  c. 

c, 

sin.  C  •=■  sin.  /?-. 

0 

/>',  C 

A, 

A  =  i8o— 'iff  +  6;~ 

A,C, 

B, 

^  =  i8o  -~A^'C.                    - 

A.B, 

c, 

c=  iso -a~+~b: 

(ty 

For — 

See  Formulae,  First  Class. 

i 

485. — 'n-lKonomotrlcal  Formulte :  Third  ITlais,  Oblique. 

— Tlie  symbols  in  the  formulae  of  the  fuUowiiig  table  reler 
to  quantities  shovvn  by  like  symbols  in  Fig.  323. 


Obuque-Angled  Triangles:   Third  Class. 

Given. 

RtQCreED, 

FotLMVlM,                                          1 

C  a,  h, 

A  +  B. 

A-  B, 

A, 

B, 

A  +B=  180  — C 

tan.  i{A  ~  B)  =  tan,  i{A  +  E)  1^^. 

A=i{A  +  B)+  i{A  ^B). 
B  =^iA  +B)-iiA-B). 

A,  by  c. 

C  ^B, 
C-B, 

B, 

C  +  B=iSo  —  A. 

tan.  ^{C—B)  =  tan.  i(C+  ^^^. 

C  =  ^{C+B)  +i{C-B). 
B  =  ^{C-^-B)-\{C-B). 

B,  a,  d 

C  +  A, 
C-A, 

c, 

A, 

C  +  A  =z  i%o  —  B. 

tan.  i(C      A)  =  tan.  \{C+A)'~^. 

C=\{C  +  A)^ii{C-A). 
A  =  \{C+A)-¥\{C-A). 

For  the  remaining  side  consult  formulae  for  the  first 
class. 


4-86.  —  Trigonometrical  Formulae :  Fourth  daas,  Ob- 
lique.— The  symbols  in  the  formulae  of  the  following  table 
refer  to  quantities  shown  by  like  symbols  in  Fig.  321. 
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Given  a,  b^  c,  to  find  A,  B,  C. 


sin.  F  = ^^ y^-^ . 

2bc 

A  =  ^  -  F.- 

•      r.         '       ^b 
sin.  B  =  sm.  A  — . 
a 

sin.  C  =  sin.  A  -. 
a 

C  =  iSo  —  {A  +B). 


SECTION    XV.— DRAWING. 

487. — Oeiieral  Remarks. — A  knowledge  of  the  proper- 
ties .and  principles  of  tines  can  best  be  acquired  by  practice. 
Althoui^h  the  various  diagrams  throughout  this  work  may 
be  understuod  by  inspection,  yet  they  will  be  impressed 
upon  the  mind  with  much  greater  force,  if  they  are  aaualk 
drawn  out  with  pencil  and  paper  by  the  student.  Science 
is  accjuircd  by  study — art  by  practice;  he,  therefore,  who 
would  have  anything  more  than  a  theoretical  (which  must 
of  necessity  be  a  superficial)  knowledge  of  carpentry  and 
geometry,  will  provide  himself  with  the  articles  here  speci- 
fied, and  perform  all  the  operations  described  in  the  fore- 
going and  following  pages.  Many  of  the  problems  mav 
appear,  at  the  first  reading,  somewhat  confused  and  intricate; 
but  by  making  one  tine  at  a  time,  according  to  the  cxjilana- 
tions,  the  student  will  not  only  succeed  in  copying  the  lig- 
ures  correctly,  but  by  ordii>iry  attention  will  learn 
principles  upon  which  they  arc  based,  and  thus  be  able 
make  them  available  in  any  unexpected  case  to  which  lh< 
may  apply. 

488. — ArttflcM   Required.  —  'i  he   following   articles 
necessary  for  drawing,  viz. :    a  drawing-board,  paper,  dr.n 
ing-pins  or  mouth-glue,  a  sponge,  a  T-square,  a  set-square, 
two  straight-edges,  or  flat  rulers,  a  lead  pencil^  a  piece  ^H 
india-rubber,  a  cake  of  india-ink,  a  set  of  drawing-ii»sir^^ 
ments,  and  a  scale  of  equal  parts. 


489. — TIic  Drawitiff-Board. — The  size  of  the  f/rawin 
board  must  be  regulated  according  to  the  size  of  the  drai 
ings  which  are  to  be  made  upon  it.  Vet  for  ordinary  pr« 
tice,  in  learning  to  draw,  a  board  about  fifteen  by  tw< 
inches,  and  one  inch  thick,  will  be  found  large  enough, 
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nore  convenient  than  a  larger  one.  This  boarfl  should  be 
xvcll  seasoned,  perfectly  square  at  the  corners,  and  without 
tlamps  on  the  ends.  A  board  is  better  without  clamps, 
"because  the  little  service  they  are  supposed  to  render  by 
|>rcventing  the  board  from  warping  is  overbalanced  by  the 
kx>«sidcration  that  the  shrinking  of  the  panel  leaves  the 
ends  of  the  clam))s  projecting  beyond  the  edge  of  the  Ixiard. 
and  thus  interfering  with  the  proper  working  of  the  slock 
of  ihc  T-square.  When  the  stuff  is  well-seasoned,  the  warp, 
ing  of  the  board  will  be  but  trifling:  and  by  exposing  the 
rounding  side  to  the  fire,  or  to  the  sun,  it  may  be  brought 
iback  to  its  proper  shape. 

490, — Drawltig-Paper. —  For  mere  line  drawings,  it  is 
unneccssar}'  to  use  the  bt'st  drawing-paper ;  and  since,  where 
rouch  is  used,  the  expense  will  be  considerable,  it  is  desirable 
for  economy  to  procure  a  paper  of  as  low  a  price  as  will  be 
suitable  for  the  purpose.  The  best  paper  is  made  in  Eng- 
land and  water-marked  "  Whatman."  This  is  a  hand-made 
paper.  There  is  also  a  machine-made  paper  at  aUxit  half- 
price,  and  the  manilla  j>apcr,.of  various  tints  of  russet  c«>lor, 
is  still  less  in  price.  These  papers  are  of  the  various  sixes 
needed,  and  arc  cjuite  sufHcicnt  for  ordinary  drawings. 

491. — To  Svourv  the  Pnpcr  to  the  Board. — \  drawing"' 

fin  is  a  small  brass  button,  having  a  steel  pin  j>rojccting  from 
the  underside.  By  having  one  of  these  at  each  corner,  the 
paper  can  be  fixed  to  the  board  ;  but  this  can  be  done  in  a 
belter  manner  with  mouth'glut\  The  pins  will  prevent  the 
paper  from  changing  its  position  on  the  board;  but,  more 
than  this,  the  glue  keeps  the  paper  perfectly  light  and 
Smooth,  thus  making  it  so  much  the  more  pleasant  to  work 
on. 

To  attach   the  paper  with  mouth-glue,  lay  h  with  the 

bottom  side  up.  on  the  board ;  and  with  a  straight-edge  and 

penknife   cut    <iff   the    rough   and    uneven   edge.      With  a 

ponge  moderately  wet  rub  all  the  surface  of  the  paper, 

pt  a  strip  around  the  edge  about  half  an  inch  wide.    vVs 

OS  the  glistening  of  the  water  disiippears  turn  the  sheet 
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over  and  place  it  upon  the  board  just  where  yo 
glued.  Commence  upon  one  of  the  longest  sides,  and  pro- 
ceed thus:  la}'  a  Slat  ruler  upon  the  paper,  parallel  to  the 
edg^f,  and  within  a  quarter  of  an  inch  of  it.  With  a  kiiile, 
or  anything  similar,  turn  xi[)  the  edge  of  the  paper  against 
the  edge  of  the  ruler,  and  put  one  end  of  the  cake  of  mouth- 
glue  between  your  lips  to  [lami>en  it.  Then  holding  it  up- 
right, rub  it  against  and  along  the  entire  edge  of  the  paper 
that  is  turned  up  against  the  ruler,  bearing  moderately 
against  the  cd^e  of  the  ruler,  which  must  be  held  firm))' 
with  the  left  hand.  Moisten  the  glue  as  often  as  it  becomes 
dry,  until  a  sufficiency  of  it  is  rubbed  on  the  edge  of  the 
paper.  Take  away  the  ruler,  restore  the  turned-up  edge  to 
the  level  of  the  board,  and  lay  upon  it  a  strip  of  pretty  suff 
paper.  Bv  rubbing  upon  this,  not  very  hard  but  pretty 
rapidly,  with  the  thumb-nail  of  the  right  hand,  so  as  to  cause 
a  gentle  friction  and  heat  to  be  imparted  to  the  glue  thai  is 
on  the  edge  (>f  the  paper,  you  will  make  it  adhere  tothc 
board.  The  other  edges  in  succession  must  be  treated  in 
the  same  manner. 

Some  short  distances  along  one  or  more  of  the  edges 
may  afterward  be  found  loose ;  if  so,  the  glue  must  a; 
be  applied,  and   the  paper  rubbed   until    it  adheres. 
board  must  then  be  laitl  away  in  a  warm  or  dry  place; 
in  a  short  time  the  surface  of  the  paper  will  be  drawn  out. 
perfectly  tight  and  smooth,  aufl  ready  for  use.     The  |iapcr 
dries  best  when  the  board  is  laid  level,     When  the  drawing^ 
is  finished  lay  a  straight-edge  upon  the  paper  and  cut  H^ 
from  the  board,  leaving  the  glued  strip  still  attached.     This 
may  afterward  be  taken  off  by  wetting  it  freely  with  ihi 
sponge,  which  will  soak  the  glue  and  loosen  the  paper 
this  as  soon  as  the  drawing  is  taken  off,  in  order  that  tl 
board   mav  be  dry  when  it  is  wanted  for  use  again.     C 
must  be  taken   that,  in  applying  the  glue,  the  edge  of  t 
paper  does  not  become  damper  than  the  rest;  if  it  shot 
the  paper  must  be  laid  aside  to  dry  (to  use  at  another  ti 
and  another  sheet  be  used  in  its  [ilace. 

Sometimes,  especially  when  the  drawing-board  is  nc 
the  paper  will  not  slick  very  readily:   but  by  perscvcri 


•dges 

TbiH 
i  and    ^ 


THE   T-SQUARE. 


In  the  place  of  th( 


S39 

ith- 


this  difficulty  may  be  overcome,  in  nic  pin.ce  oi  tne  mom 
glue  a  strong  solution  of  gum-arabic  may  be  used,  and  on 
some  accounts  is  to  be  preferred  ;  for  the  edges  of  the  paper 
need  not  be  kept  dry,  and  it  adheres  more  readilv.  Dissolve 
the  gum  in  a  sufficiency  of  warm  water  to  make  it  of  the 
consistency  of  linseed-oil.  It  must  be  applied  ti>  the  paper 
with  a  brush,  when  the  edge  is  turned  up  against  the  ruler, 
as  was  described  for  the  mouth-glue.  If  two  drawing-boards 
are  used,  one  may  be  in  use  while  the  other  is  laid  away  to 
dry  ;  and  as  they  may  be  cheaply  made,  it  is  advisable  to 
have  two.  The  drawing-board  having  a  frame  around  it, 
commonly  called  a  panel  board,  may  afford  rather  more 
fecility  in  attaching  the  paper  when  this  is  of  the  size  to 


Fig,  324. 


suit ;  yet  it  has  objections  which  overbalance  that  cotisid- 
eration. 

492. — The  T.§4iiare. — A  Tsguarv  of  mahogany,  at  once 

simple  in  its  construction  and  affording  all  necessary  service, 
may  be  thus  made;  let  the  stock  or  handle  be  seven  inches 
long,  two  and  a  quarter  inches  wide,  and  three  eighths  of  an 
inch  thick:  the  blade,  twenty  inches  long  (exclusive  of  the 
stock),  two  inches  wide,  and  one  eighth  (»f  an  inch  thick.  In 
joining  the  blade  to  the  stock,  a  very  firm  and  simple  joint 
may  be  made  by  dovetailing  it — as  shown  at  Fig.  324. 

493. — The  Sct-Squarr. — The  Sit-square  is  in  the  form  of 
a  right-angled  triangle  ;  and  is  commonly  made  of  mahogany, 
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one  cii^hth  t)f  an  incli  in  thickness.  The  size  that  is  mw 
convenient  for  general  use  is  six  inches  and  three  itahci 
respectively  for  the  sides  which  contain  the  right  angle, 
although  a  particular  Icng^th  for  the  sides  is  bv  no  nu 
necessary.  Care  should  be  taken  to  have  the  square  cor 
exactly  true.  This,  as  also  the  T-square  and  rulers,  shoi 
have  a  hole  bored  through  thejn,  by  which  to  hang  lh< 
upon  a  nail  when  not  in  use. 

494, — The  Riilrrn.  —  One  of  the  ru/trs  may  be  about 
twenty  inches  lon^,  and  the  other  six  inches.  The  />tfud 
ought  to  be  hard  enough  to  retain  a  fine  point,  and  yet  not 
so  hard  as  to  leave  ineffaceable  marks.  It  should  Ik*  used 
liglitly,  so  that  the  extra  marks  that  are  not  needed  when 
the  drawing  is  inked,  may  be  easily  rubbed  off  with  the 
rubber.  The  best  kind  of  iNiiia-iuk  is  that  which  will  easily 
rob  riff  upon  the  plate  ;  and,  when  the  cake  is  rubbed  against 
the  teeth,  will  be  free  from  grit. 

49S» — The  ItiHlrunicntM. — The  tiraiviug-tnstrumoits  may 
be  purchased  of  nuilhematical  instrument  makers  at  various 
prices  ;  from  one  to  one  hundred  dollars  a  set.  In  choosing 
a  set,  remember  that  the  lowest  price  articles  arc  not  always 
the  cheapest.  A  set,  comprising  a,  sufficient  number  of 
instruments  f(u*  ortlinary  use,  well  made  and  fitted  in  a 
hogany  box,  may  be  [mrchased  of  the  mathematical  iiisti 
ment  makers  in  New  York  for  four  or  five  dollars.  But  fc 
permanent  use  those  which  come  at  ten  or  twelve  dolls 
will  be  found  to  be  better. 


496.— The  Scale  of  Eqiml  Parts. — The  best  scalt  of 
equal  parts  for  carpenters'  use,  is  one  that  has  one  eighth. 
three  sixteenths,  one  fourth,  three  eighths,  one  half,  hve 
eighths,  three  fourths,  and  seven  eighths  of  an  inch,  and  oni 
inch,  severally  divided  into  twelfths,  instead  of  being  dividt 
as  they  usually  are,  into  tenths.  By  this,  if  it  be  requif 
to  proportion  a  drawing  so  that  every  foot  of  the  objrt 
represented  will  upon  the  paper  measure  one  fourth  of 
inch,  use  that  part  of  the  scale  which  is  divided  into  on 
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ourtn^Mm^ich,  taking  for  every  foot  one  of  those  divis- 
ons,  and  (or  every  inch  one  of  tljc  suhdi visions  into  twelfths; 
nd  proceed  in  like  manner  in  proportioning  a  drawing  to 
ny  of  the  other  divisions  of  the  scale.  An  instrument  in 
ihe  form  of  a  semi-circle,  called  a  protractor,  and  used  for 
aying  down  and  measuring  angles,  is  of  much  service  to 
urveyors,  and  occasionally  to  carpenters. 

497, — The  l.r«o  of  the  ScfSquarc. — In  drawing  parallel 
lines,  when  they  are  to  be  parallel  to  either  side  of  the 
board,  use  the  T-square;  but  when  it  is  required  to  draw 
lines  parallel  to  a  line  which  is  drawn  in  a  direction  oblique 
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er  side  of  the  board,  the  set-square  must  be  used. 

ct  ab  {^Fig.  3251  be  a  line,  parallel  to  which  it  is  desired  to 
draw  one  or  more  lines.  Place  any  edge,  as  cr/,  of  the  set- 
Bquare  even  with  said  line  ;  then  place  the  ruler  gh  against 

nc  of  the  other  sides,  as  r<',  and  hold  it  tinnly :  slide  the 
set-square  alc>ng  the  edge  of  the  niler  as  far  as  it  is  desired, 
as  at  /:  and  a  line  drawn  by  the  edge  if  will  be  parallel 
to  a  b. 

To  draw  a  line,  as  kl{fis.  326),  perpendicular  to  another, 
as  ab^  set  the  shortest  edge  of  the  set-square  at  the  line  ab\ 
place  the  ruler  against  the  longest  side  ahe  hypothenusc  vA 
the  right-angled  triangle");  hold  the  ruler  firmly,  and  slide 
the  set-square  along  until  the  side  rd  touches  the  point  k\ 
then  the  line  //%  drawn  by  it,  will  be  perpendicular  toa3. 
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In  like  manner,  the  drawing  of  other  problems  may  be  facil- 
italcd,  as  will  be  discovered  in  using  the  instruments. 

498. — Direc'tloiiB  fbr  Drawing. — In  drawing  a  problem, 
proceed,  with  the  pencil  sharpened  to  a  point,  to  lay  dd^n 
the  several  lines  initil  the  whole  fi|^ure  is  completed,  ob- 
serving to  let  the  lines  cross  each  other  at  the  several  angles 
instead  of  merely  mcetincc.  By  this,  the  length  of  ever)' 
line  will  be  clearly  defined.  With  a  drop  or  two  of  water, 
rub  one  end  of  the  cake  of  ink  upon  a  plate  or  saucer,  until 
a  sufficiency  adheres  to  it.     Be  careful  to  dry  the  cake  of 
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ink :  because  if  it  is  left  wet  it  will  crack  and  crumbi 
pieces.  With  an  inferior  camelVhair  pencil  add  a  little 
water  to  the  ink  that  was  rubbed  on  the  plate,  and  mix  it 
well.  It  should  be  diluted  sufficiently  to  flow  freely  fn»in 
the  pen,  and  yet  be  thick  enough  to  make  a  black  line.  With 
the  hair  pencil  place  a  little  of  the  ink  between  the  nibs  of 
the  drawing-pen,  and  screw  the  nibs  together  until  the  pen 
makes  a  line  line.  Beginning  with  the  curved  lines,  proceed 
to  ink  all  the  lines  of  the  figure,  being  careful  now  to  make 
every  line  of  its  requisite  length.  If  tbcv  arc  a  trifle  l<x> 
short  or  too  long  the  drawing  will  have  a  ragged  appear 
ance;  and  this  is  opposed  to  that  neatness  and  accuraC 
which  is  indispensable  to  a  good  drawing.  When  the  ii 
is  dry  efface  the  pencil-marks  with  the  india-rubber.     If  tl 


pencil  is  used  lightly  the^-  will  all  rub  oiT,  leaving  those  lines 
only  that  were  inked. 

In  problems  all  auxiliary  lines  are  drawn  light :  while  the 
lines  given  and  those  sought,  in  order  to  be  distinguished  at 
a  glance,  are  made  much  heavier.  The  heavy  lines  are 
made  so  by  passing  over  them  a  second  time,  having  the 
nibs  of  the  pen  separated  far  enough  to  make  the  lines  as 
heavy  as  desired.  II  the  heavy  lines  are  made  bclore  the 
drawing  is  cleaned  with  the  rubber  they  will  not  a[)pcar  so 
black  and  neat,  because  the  india-rubber  takes  away  part 
il  the  ink.  If  the  drawing  is  a  ground-plan  or  elevation  of 
house,  the  shade-Unes,  as  they  are  termed,  should  not  be 
put  in  until  the  drawing  is  shaded  ;  as  there  is  danger  of  the 
heavy  lines  spreading  when  the  brush,  in  shading  or  color- 
ing, passes  over  them.  If  the  lines  arc  inked  with  common 
writing-ink  they  will,  however  fine  they  may  be  made,  be 
subject  to  the  same  evil ;  for  which  reaspn  india-iak  is  the 
only  kiad  to  be  used. 


SECTION   XVI.— PRACTICAL    GEOMETRY. 

499, — Dellnlilon».—  6^<w;/r/n' treats  of  the  properties  o{_ 
magiiitudes. 

A  point  has  neither  length,  breadth,  nor  thickness. 

A  line  has  length  only. 

Superficies  has  length  and  breadth  only. 

A  plane  is  a  surface,  perfectly  straight  and  even  in  every 
direction;    as  the  face  of  a  panel   when   not  warped  nor, 
winding. 

A  solid  has  length,  breadth,  and  thickness. 

A  right y  or  straight,  line  is  the  shortest  that  can  be  drawl 
between  two  points. 

Parallel  lines  are  equidistant  throughout  their  length. 
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Fig.  329. 


An  angle  is  the  inclination  of  two  lines  towards  one 
other  {Fig.  327). 

A  right  angle  has  one  line  perpendicular  to  the  otl 
{Fig.  328). 

An  oblique  angle  is  either  greater  or  less  than  a  ri| 
angle  {Figs.  327  and  329). 

An  aeute  angle  is  less  than  a  right  angle  yFig.  327). 

An  obtuse  angle  is  greater  than  a  right  angle  {Fig.  329). 

When  an  angle  is  denoted  by  three  letters,  the  mid( 
one.  in  the  order  ihcv  stand,  denotes  the  angular  point, 
the  other  two  the  sides  containing  the  angle ;  thus,  let  a,^ 
{Fig.  327)  be  the  angle,  then  b  will  be  the  angular  point,  an? 
ah  and  be  will  be  the  two  sides  containing  that  angle. 
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A  triangle  is  a  superficies  having  three  sides  and  angles 
{f^igs.  330,  331.  332,  and  333). 

An  equilateral  triangle  has  its  three  sides  equal  {Fig.  330). 
An  isosceles  triangle  has  only  two  sides  equal  {Fig.  331). 


Fig.  330. 


Fig  331. 


A  scalene  triangle  has  all  its  sides  unequal  {Fig.  332). 
A  right-angled  triangle  has  one  right  angle  {Ftg.  333). 
An  acute-angled  triangle  has  all  its  angles  acute  {Figs.  330 
and  331). 


Fig.  332. 
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An  obtuse-angled  triangle  has  one  obtuse  angle  {Fig.  332). 
A  quadrangle  has  four  sides  and  four  angles  {Figs.  334  to 

339)- 

A  parallelogram  is  a  quadrangle  having  its  opposite  sides 

parallel  {Figs.  334  to  337). 


Fig.  334. 


Fig.  335. 


A  rectangle  is  a  parallelogram,  its  angles  being  right 
angles  {Figs.  334  and  335). 

A  square  is  a  rectangle  having  equal  sides  {Fig.  334). 

A  rhombus  is  an  equilateral  parallelogram  having  oblique 
angles  {Fig.  336). 
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A  rhomboid  is  a  parallelogram   having  oblique  angles 

^Pig'  337). 

A  trapezoid  is  a  quadrangle  having  only  two  of  its  sides 
parallel  {Fig.  338). 
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A  tri^n  is  a  polygon  of  three  sides  {Figs.  330  to  333);  a 
tetragon  has  four  sides  (/7]^J.  334  to  339) ;  a  pentagon  has  five 
(•^'i?"'  340);  a  hexagon  six  (/^f^.  341);  a  heptagon  SQx^n  {Fig- 
342) ;  an  octagon  eight  (Z^^.  343) ;  a  nonagon  nine  ;  a  decagon 
ten  ;  an  undecagon  eleven  ;  and  a  dodecagon  twelve  sides. 


Fig.  336.  Fig.  337. 

A  trapezium  is  a  quadrangle  which  has  no  two  of  its  sides 
parallel  {Fig.  339)." 

A  polygon  is  a  figure  bounded  by  right  lines. 
A  regular  polygon  has  its  sides  and  angles  equal. 
An  irregular  polygon  has  its  sides  and  angles  unequal 


Fig.  340.  Fio.  341.  Fig.  342.  Fig.  343. 

A  circle  is  a  figure  bounded  by  a  curved  line,  called  the 
circumference,  which  is  everywhere  equidistant  from  a  cer- 
tain point  within,  called  its  centre. 

The  circumference  is  also  called  the  periphery^  and  some- 
times the  circle. 
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The  radius  of  a  circle  is  a  right  line  drawn  from  the 
centre  to  any  point  in  the  circumference  {a  b,  Fig.  334). 

All  the  radii  of  a  circle  are  equal. 

The  diameter  is  a  right  line  passing  through  the  centre, 
and  terminating  at  two  opposite  points  in  the  circumference. 
Hence  it  is  twice  the  length  of  the  radius  {cd,  Fig.  344.) 


Fiu.  344. 


An  arc  of  a  circle  is  a  part  of  the  circumference  {cb,  or 
bed,  Fig.  344). 

A  chord  is  a  right  line  joining  the  extremities  of  an  arc 

(b  d,  Fig.  344)- 

A  segment  is  any  part  of  a  circle  bounded  by  an  arc  and 
its  chord  {A,  Fig.  344). 


Fig.  345- 


A  sector  is  any  part  of  a  circle  bounded  by  an  arc  and 
two  radii,  drawn  to  its  extremities  {B,  Fig.  344). 

A  quadrant,  or  quarter  of  a  circle,  is  a  sector  having  a 
quarter  of  the  circumference  for  its  arc  {C,  Fig.  344). 

A  tangent  is  a  right  line  which,  in  passing  a  curve, 
touches,  withont  cutting  it  (/^,  Fig.  2,a4)- 


S48 


PRACTICAL   GEOMETRY. 


A  cofic  is  a  soli^l  fi»;ure  standing  upon  n  circular  base  (iU 
minishing-  in  str:i;ijLii;lit  lines  to  a  jioint  at  tlie  top,  called  it 
vertex  {Fig.  345.1. 

The  axis  of  a  cone  is  a  rig-ht  line  passing  through  it,] 
from  the  vertex  to  the  centre  of  the  circle  at  the  base. 

An  ellipsis  is  described  if  a  cone  be  cut  by  a  plane,  nc 
parallel  ti)  its  base,  passing  quite  through  the  curved  surface 
\ab,  Fig.   346). 

A  parabola  is  described  if  a  cone  be  cut  by  a  plane,  par- 
allel to  a  [)lane  touching  the  curved  surface  {cdy  Fig.  346— 
cd  \y\:'\wg  ])ara!lel  to  f g\. 

An  hyperbola  is  described   if  a  cone  be  cut  by  a  plane. 


Yw.,  347. 

parallel  to  any  plane  within  the  cone  that  passes  through  it 
vertex  {tli.  Fig.  346). 

Foci  are  the  points  at  which  the  pins  arc  placed  in  dt 
scribing  an  ellipse  (see  Art.  548,  and  /,/,  Fig.  347). 

The  transverse  axis  is  the  longest  diameter  of  the  ellipsis 
{a  b,  Fig.  347)-  M 

The  coujugatt  axis  is  the  shortest  diameter  of  theelUpsi^l 
and  is,  therefore,  at  right  angles  to  the  transverse  axis  {cd, 

Pig'  347). 

The  parameter  is  a  right  line  passing  through  the  foe 
of  an  ellipsis,  at  right  angles  to  the  transverse  axis,  and  tc 
minatcd  by  the  curve  {gh  and  gty  Fig.  347). 


RIGHT  LINES  AND  ANGLES. 


549 


A  diameter  of  an  ellipsis  is  any  right  line  passing  through 
the  centre,  and  terminated  by  the  curve  {k  I,  or  in  n,  Fig.  347). 

A  diameter  is  -conjugate  to  another  when  it  is  parallel  to  a 
tangent  drawn  at  the  extremity  of  that  other — thus,  the  di- 
ameter mn  {Fig.  347)  being  parallel  to  the  tangent  op,  is 
therefore  conjugate  to  the  diameter  kl. 

A  double  ordinate  is  any  right  line,  crossing  a  diameter  of 
an  ellipsis,  and  drawn  parallel  to  a  tangent  at  the  extremity 
of  that  diameter  {i  t,  Fig.  347). 

A  cylinder  is  a  solid  generated  by  the  revolution  of  a 
right-angled  parallelogram,  or  rectangle,  about  one  of  its 
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Fig.  348. 


Fig.  349. 


sides ;  and  consequently  the  ends  of  the  cylinder  are  equal 
circles  {Fig.  348). 

The  axis  of  a  cylinder  is  a  right  line  passing  through  it 
from  the  centres  of  the  two  circles  which  form  the  ends. 

A  segment  of  a  cylinder  is  comprehended  under  three 
planes,  and  the  curved  surface  of  the  Cylinder.  Two  of 
these  are  segments  of  circles ;  the  other  plane  is  a  parallelo- 
gram, called  by  way  of  distinction,  the  plane  of  the  segment. 
The  circular  segments  are  called  the  ends  of  the  cylinder 
{Fig-  349)- 

PROBLEMS. 

RIGHT  LINES  AND  ANGLES. 


500. — To  Bisect  a  Une. — Upon  the  ends  of  the  line  a  h 
{Fig.  350)  as  centres,  with  any  distance  for  radius  greater 
than  half  a ^,  describe  arcs  cutting  each  other  inland*/; 
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draw  the  line  cd,  and  the  point  r,  where  it  cuts^i^,  will  be 
the  middle  of  the  line  a  b. 

In  practice,  a  line  is  generally  divided  with  the  com- 
passes, or  dividers ;  but  this  problem  is  useful  where  it  is 


desired  to  draw,  at  the  middle  of  another  line,  one  at  right 
angles  to  it.     (See  Art.  514.) 

501. — To  Erect  a  Perpendicular. — From  the  point  a 
{Fig.  351)  set  off  any  distance,  as  ab,  and  the  same  distance 
from  rt  to  r ;  ui)on  c,  as  a  centre,  with  any  distance  for  radius 
greater  than  ca,  describe  an  arc  at  d\  upon  ^,  with  the  same 


Flu.   351. 

radius,  describe  another  at  d ;  join  d  and  a,  and  the  line  da 
will  be  the  perpendicular  required. 

This,  and  the  three  following  problems,  are  more  easily 
performed  by  the  use  of  the  set-square  (see  Art.  493).  Yet 
they  are  useful  when  the  operation  is  so  large  that  a  set- 
sc^uare  cannot  be  used. 


TO  ERECT  A  PERPENDICULAR. 
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502. — ^To  let  WwM  a  Perpendicular. — Let  a  {Fig.  352)  be 
the  point  above  the  line  b  c  from  which  the  perpendicular  is 
required  to  fall.  Upon  a,  with  any  radius  greater  than  ad, 
describe  an  arc,  cutting  ^<r  at  /and  /;  upon  the  points  e  and 
ft  with  any  radius  greater  than  e  d,  describe  arcs,  cutting 


g 
Fig.  352. 

each  other  at  g\  join  a  and  g,  and  the  line  a^will  be  the 
perpendicular  required. 

503. — ^To  Erect  a  Perpendicular  at  the  End  of  a  Lilne. 

— Let  a  {Fig.  353),  at  the  end  of  the  line  ca,\xi  the  point  at 
which  the  perpendicular  is  to  be  erected.  Take  any  point, 
as  by  abQve  the  line  ca,  and  with  the  radius  ba  describe  the 
arc  dae-,  through  d  and  b  draw  the  line  de\  join  e  and  a, 
then  ea  will  fle  the  perpendicular  required. 


The  principle  here  made  use  of  is  a  very  important  one, 
and  is  applied  in  many  other  cases  (see  Art.  510,  3d,  and  Art. 
513.     For  proof  of  its  correctness,  see  Art.  352). 

A  second  method.  Let  b  {Fig.  354),  at  the  end  of  the  line 
a  ^,  be  the  point  at  which  it  is  required  to  erect  a  perpendic- 
ular. Upon  by  with  any  radius  less  than  b  a,  describe  the  arc 
ced\  upon  c,  with  the  same  radius,  describe  the  small  arc  at^/ 
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and  upon  c,  another  at  </ ;  upon  r  and  r/,  with  the  same  oranj 
other  radius  greater  than  half  c  t/,  describe  arcs  intersectin 
at  /;  join  /and  ^,  and  the  line  //>  will  be  the  perpendicular-l 
required.      Tlits  method  of  erecting  a  perpendicular,  and 
that  of  the  following  article,  depend  for  accuracy  upon  the 
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fact  that  the  side  of  a  hexagon  is  equal  to  the  radius  of  the 
circumscribing  circle.  •■ 

A  third  method.     Let  b  {Fig,  355)  be  the  given  point  al^ 
which  it  is  required  to  erect  a  perpendicular.     Upon  b,  with 
any  radius  less  than  ba,  describe  the  quadrant  di\f\  upon  (Cm 
with  the  same  radius,  describe  an  arc  at  i\  and  upon  t  ao^l 
other  at  r;  through  d  and  e  draw  ^/<:,  cutting  the  ye  in  i*; 
join  c  and  b,  then  c  b  will  be  the  perpendicular  required. 


Fic.  355- 

This  problem  can  be  solved  by  the  jiU%  eight  and  im  rule, 
as  it  is  called,  which  is  founded  upon  the  same  principle  as 
the  problems  at  Arts.  536,  537.  and  is  applied  as  follows^ 
let  ad  {fig.  353)  equal  eight,  and  tir,  six  ;  then,  if  dt  cqual^l 
ten,  the  angle  cad  is  a  right  angle.     Because  the  square  of 
six  and  that  of  eight,  added  together,  equal  the  square  of 
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ten,  thus  :  6  x  6  =  36,  and  H  x  8  =:  64 ;  36  +  64  =  100,  and 
to  X  \n  =  100.  Any  sizes,  taken  in  the  same  proportion,  a? 
six.  eight  and  ten,  will  produce  the  same  effect  1  as  3,  4  and 
^,  or  13,  16  and  20.     (See  Art  536.) 

By  the  process  shown  at  /'i^.  353,  the  end  of  a  board  may 
be  squared  without  a  carpentcrs'-squarc.  All  that  is  neces- 
lary  is  a  pair  of  compasses  and  a  ruler.  Let  ca  be  the  edge 
of  the  board,  and  a  the  point  at  which'  it  is  required  to  be 
squared.  Take  the  point  &  as  near  as  possible  at  an  angle 
of  forty-five  degrees,  or  on  a  fnifrf-Vinc  from  a,  and  at  about 
the  michllc  of  the  board.  This  is  not  necessary  to  the  work- 
ing of  the  problem,  nor  does  it  aflfect  its  accuracy,  but  the 
result  is  more  easily  obtained.  Stretch  the  compasses  from 
^  to  cj,  and  then  bring  the  leg  at  rt  around  to  t/;  draw  a  line 
from  tf,  through  ^,  out  indefinitely  ;  take  the  distance  tfd  and 
place  it  from  /;  to  i' \  join  (■  and  fj;  then  ca  will  be  at  right 
tngles  to  ca.  In  squaring  the  hnindation  o\'  a  building,  f)r 
laying  out  a  garden,  a  rod  and  chalk-hne  may  be  used  in- 
stead of  compasses  and  ruler. 

504. — To  let  Fall  a  Pcrpentllrulnr  nenr  the  End  of  a 
Line. — Let  c  {Fig.  353)  be  the  point  above  tiie  line  i  a,  frum 
which  the  perpendicular  is  required  to  frill.  From  e  draw 
any  line,  as  <v/,  obliquely  to  the  line  ctr;  bisect  f  r/at  b;  upon 
b,  with  the  radius  bt\  describe  the  arc  cad\  join  i' and  a", 
then  ea  will  be  the  perpendicular  required. 


505, — To  Make  an  Angrle  (at  e  dft  Flfy.SSfi)  Equal  10  a 
Given  Angle  (as  ft«c). — From  the  angular  point  a,  with  any 


Fic,  356. 

radius,  describe  the  arc  be;  and  with  the  same  radius,  on 
the  line  «'<-,  and  from  the  point  li,  describe  the  arc/^;  take^ 
the  distance  //r,  and   upon  £-,  describe  the  small  arc  at  /; 
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join  /  and  d\  and  the  angle  c d f  will  be  equal  to  the  anj 
h  a  f. 

If  the  given  line  upon  which  the  angle  is  to  be  made  is 
situated  parallel  to  the  similar  line  of  the  given  angle,  this 
may  be  performed  mare  readily  with  the  set-square.  <Scc 
rJr/.  497.) 

506.— To  Bi»ccl  an  Angle.— Let  a/>f  (Fig.  357)  be  the 
angle  to  be  bisected.    .Upon  /',  with  any  radius^-describc  the 


Fig-  357- 

arc  {J  c :  upon  a  and  r,  with   a  radius  greater  than  half  ac, 
describe   arcs  cutting  each  other  at  d;  join  d  and  d;  and  ^^M 
will  bisect  the  angle  ndc,  as  was  required.  ^^ 

This  problem  is  frequently  made  use  of  in  solving  other 
problems;  it  should  therefore  be  well  impressed  upon  tt 
memory. 

507.— To  Tri«»cct  a  Right  Angle.— Upon  a  (Fig.  35^ 
with  any  radius,  describe  the  arc  be ;  upon  b  and  c,  with  tl 


Fig,  358. 


same  radius,  describe  arcs  cutting  the  arc  be  at  d  and  f, 
from  d  and  e  draw  lines  to  a,  and  they  will  trisect  the  angk 
as  was  required. 


TO  DIVIDE  A  GIVEN  LINE.  555 

The  truth  of  this  is  made  evident  by  the  following  oper- 
ation :  divide  a  circle  into  quadrants ;  also,  take  the  radius 
in  the  dividers,  and  space  off  the  circumference.  This  will 
divide  the  circumference  into  just  six  parts.  A  semi-circum- 
ference, therefore,  is  equal  to  three,  and  a  quadrant  to  one 
and  a  half  of  those  parts.  The  radius,  therefore,  is  equal  to 
two  thirds  of  a  quadrant ;  and  this  is  equal  to  a  right  angle. 

508. — Through  a  GiTen  Point,  to  Draw  a  Line  Parallel 
to  a  Given  line. — Let  a  {Fig.  359)  be  the  given  point,  and 


Fig.  359. 

be  the  given  line.     Upon  any  point,  as  d,  in  the  line  be,  with 
the  radius  day  describe  the  arc  ac;  upon  a,  with  the  same 
radius,  describe  the  arc  dc\  make  de  equal  to  ac\  through 
e  and  a  draw  the  line  ea,  which  will  be  the  line  required. 
This  is  upon  the  same  principle  as  Art.  505. 

509*  —  To  Divide  a  Given  Line  into  anjr  IVumber  of 
E^nal  Parts. — Let  ab  {Fig.  360)  be  the  given  line,  and  5  the 
number  of  parts.     Draw  rtr  at  any  angle  to  ab;  on  ac,  from 


a,  set  off  five  equal  parts  of  any  length,  as  at  i,  2,  3,  4  and  c ; 
join  c  and  b\  through  the  points  i,  2,  3.  and  4,  draw  i  e,  2/, 
3^ and  4//,  parallel  to  cb\  which  will  divide  the  line  ab,  as 
was  required. 
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The  lines  a  if  and  ac  are  divided  in  the  ^une  propoitioD. 
(See  Art.  542.) 


THE  CIRCLE. 


510. — To  Find  the  Centre  of  a  Orcle. — Draw  any  chord, 
as  ad  {Fig.  361),  and  bisect  it  with  the  perpendicular  cd;\A' 


sect  cd  with  the  line  ef,  as  at  ^;  then  g  is  the  centre,  as  was 
required. 

A  second  method.    Upon  any  two  points  in  the  circumfer- 
ence nearly  opposite,  as  a  and  b  {Fig.  362),  describe  arcs  cut- 


ting each  other  at  c  and  d'y  take  any  other  two  points,  as  f 
and  /,  and  describe  arcs  intersecting,  as  at  g  and  h  ;  join  s 
and  //  and  c  and  d\  the  intersection  o  is  the  centre. 

This  is  upon  the  same  principle  as  Art.  514. 

A  third  method.  Draw  any  chord,  ?ls  ab  {Fig.  363),  and 
from  the  point  a  draw  ac  2X  right  angles  to  ab\  join  c and 
b\  bisect  f  ^  at  d — which  will  be  the  centre  of  the  circle. 


A  TANGENT  AT  A  GIVEN  POINT. 
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If  a  circle  be  not  too  large  for  the  purpose,  its  centre 
may  very  readily  be  ascertained  by  the  help  of  a  carpenters'- 
square,  thus :  apply  the  corner  of  the  square  to  any  point  in 
the  circumference,  as  at  a;  by  the  edges  of  the  square 
(which  the  lines  ab  and  ac  represent)  draw  lines  cutting  the 


Fig.  363. 

circle,  as  at  b  and  c ;  join  b  and  c ;  then. if  be  is  bisected,  as  at 
d,  the  point  d  will  be  the  centre.     (See  Art.  352.) 

511. — At  a  OlTen  Point  In  a  Circle  to  Draw  a  Tangent 
tbereto. — Let  a  {Fig.  364)  be  the  given  point,  and  b  the  cen- 


FiG.  364. 

tre  of  the  circle.    Join  a  and  b ;  through  the  point  a,  and  at 
right  angles  to  a  b,  draw  cd ;  then  cd'\%  the  tangent  required. 

512. — ^The  Same,  without  maiiing  use  of  the  Centre  of 
the  Circle. — Let  a  {Fig.  365)  be  the  given  point.  From  a  set 
off  any  distance  to  b^  and  the  same  from  ^  to  ^ ;  join  a  and 
c\  upon  ay  with  ab  for  radius,  describe  the  arc  dbe\  make 
db  equal  to  be-,  through  a  and  H  draw  a  line;  this  will  be 
the  tangent  required. 


558  PRACTICAL  GEOMETRY. 

The  correctness  of  this  method  depends  upon  the  fact 
that  the  angle  formed  by  a  chord  and  tangent  is  equal  to  any 
inscribed  angle  in  the  opposite  segment  of  the  circle  {Art. 
358) ;  ad  being  the  chord,  and  dca  the  angle  in  the  opposite 
segment  of  the  circle.  Now,  the  angles  dai  and  ^ 4:0  are 
equal,  because  the  angles  ^lad  and  dacaref  by  construction, 


Fig.  363. 

equal;  and  the  angles  dac  and  dca  are  equal,  because  the 
triangle  a ^r  is  an  isosceles  triangle,  having  its  two  sides,  d^ 
and  dc,  by  construction  equal ;  therefore  the  angles  ^a^  and 
dca  are  equal. 

513. — A  Circle  and  a  Tangent  Olren,  to  find  thePotat 
of  Contact. — From  any  point,  as  a  {Fig.  366),  in  the  tangent 
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be,  draw  a  line  to  the  centre  d;  bisect  ad  at  r;  upon  e,  with 
the  radius  ea,  describe  the  arc  afd\  f  is  the  point  of  con- 
tact required. 

If  /  and  d  were  joined,  the  line  would  form  right  angles 
with  the  tangent  be.    (See  Art.  352.) 


A  CIRCLE  THROUGH  GIVEN  POINTS. 
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514. — ^Throagli  any  Three  Points  not  In  a  Straight  Line, 
%m  Draw  a  Circle. — Let  a,  b  and  c  {Fig.  367)  be  the  three 
given  points.  Upon  a  and  b,  with  any  radius  greater  than 
half  a  b,  describe  arcs  intersecting  at  d  and  e ;  upon  b  and  c, 
with  any  radius  greater  than  half  be,  describe  arcs  intersect- 
ing at  /  and  g;  through  d  and  e  draw  a  right  line,  also 


another  through  /  and  g;  upon  the  intersection  //,  with  the 
radius  /la,  describe  the  circle  a  be,  and  it  will  be  the  one  re- 
quired. 

515. — Three  Points  not  In  a  Straight  Line  being  Given, 
to  Find  a  Fourth  that  shall,  with  the  Three,  Lie  In  the 
Clrcumfierence  of  a  Circle. — Let  a  be  {fig.  368)  be  the  given 
points.     Connect  them  with  right  lines,  forming  the  triangle 


Fig.  368. 


acb',  bisect  the  angle  eba  [Art.  506)  with  the  line  bd',  also 
bisect  came,  and  erect  ed  perpendicular  to  ae,  cutting  bd 
in  d',  then  d  is  the  fourth  point  required. 

A  fifth  point  may  be  found,  as  at  /,  by  assuming  a,  </and 
b,  as  the  three  given  points,  and  proceeding  as  before.     So, 
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also,  any  number  of  ptiints  may  be  found  simply  byusu 
any  three  already  found.  Tliis  problem  will  be  serviceal 
in  obtaining  short  pieces  of  very  flat  sweeps.  (See  Ar/.  240.) 
The  proof  of  the  correctness  of  this  method  is  found  in 
the  fact  that  equal  chords  subtend  equal  angles  {Art.  35;^. 
Join  d  and  r;  then  since  af  and  ec  are,  by  constructioo, 
equals  therefore  the  chords  ad  and  r/r  are  equal;  hence  the 
angles  the}'  subtetid,  dda  and  e/ d c,  are  equal.  So,  like- 
wise, chords  drawn  from  a  to  /,  and  from  /  to  d,  are  equal, 
and  subtend  the  equal  angles  d^>/  and  /fia.  Additional 
points  beyond  a  or  b  may  be  obtained  on  the  same  principle. 
To  obtain  a  point  beyond  a,  on  b,  as  a  centre,  describe  with 
any  radius  the  arc  ion ;  make  on  equal  to  o  / ;  through  b  and 
n  draw  b g\  on  a  as  centre  and  with  a  f  for  radius,  describe 
the  arc,  cutting  ^'•^  at  g,  then  g  is  the  point  sought, 

5I6.^T«  Ilencrlbc  a  §eirmcnt  <»f  a  Circle  l>>  a  Sel-1 
angle. — Let  a  b  {Fig.  369)  be  the  chord,  and  c  d  the  hci 


Fig.  369. 

of  the  segment.  Secure  two  straight-edges,  or  rulers,  in  the 
position  cv  and  c  f^  by  nailing  them  together  at  <•,  and  affixing 
a  brace  from  v  to  /;  put  in  pins  at  a  and  b  \  move  the  angu- 
lar point  c  in  the  direction  acb\  keeping  the  edges  of  the 
triangle  hard  against  the  pins  a  and  b ;  a  pencil  held  at  r 
will  describe  the  arc  acb. 

A  curve  described  by  this  process  is  accurately  circular, 
and  is  not  a  mere  approximation  to  a  circular  arc,  as  some 
may  suppose.     This  method  produces  a  circular  curve, 
cause  all  inscribed  angles  on  one  side  of  a  chord-line 
equal  {Art.  356).     To  obtain  the  radius  from  a  chord  and 
versed  sine,  see  Art.  444. 

If  the  angle  formed  by  the  rulers  at  <"  be  a  right  angle, 


ime 

1 


TO   FIND   THE   VERSED   SINE. 
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the  segment  described  will  be  a  semi-circle.  This  problem 
is  useful  in  describing  centres  for  brick  arches,  when  they 
are  required  to  be  rather  flat.  Also,  for  the  head  hang- 
ing-stile of  a  window-frame,  where  a  brick  arch,  instead  of  a 
stone  lintel,  is  to  be  placed  over  it. 

517. — To  Find  llie  RadiiiM  <»r  un  Arc  of  a  Circle  uhcn 
the  Chord  and  Versed  ^Imo  are  Given. — The  radius  is  equal 
to  the  sum  of  tlie  squares  of  half  the  chord  and  of  the  versed 
sine,  divided  by  twice  the  versed  sine.     This  is  expressed, 


algebraically,  thus :  r 


2V 


-,  where  r  is  the  radius,*:  the 


chord,  and  :•  the  versed  sine  {Art.  444). 

Example. — In  a  given  arc  of  a  circle  a  chord  of  12  feet 
has  the  rise  at  the  middle,  or  the  versed  sine,  equal  to  2  feet, 
what  is  the  radius  ? 

Half  the  chord  equals  6,  the  square  of  6  is,  6  x  6  :=  36 
The  square  of  the  versed  sine  is,  2x2=4 

Their  sum  equals,  40 

Twice  the  versed  sine  equals  4,  and  40  divided  by  4  equals 
10.  Therefore  the  radius,  in  this  case,  is  10  feet.  This 
result  is  shown  in  less  space  and  more  neatly  by  using  the 
above   algebraical   formula       For   the   letters  substituting 


their  value,  the  formi 


becomes  r 


2V  2X2 

and  performing  the  arithmetical  operations  here  indicated 

equals — 

6 '  +  2  *       36  +  4       40 

=  ^:  —  =  10. 

4  4  4 

518. — To  Find  the  Versed  l^ine  of  an  Are  of  a  Circle 
ivhen  the  RadluM  and  Chord  are  Given. — The  versed  sine 
is  equal  to  the  radius,  less  the  square  mot  of  the  difference 
of  the  squares  of  the  radius  and  half  chord  ;  expressed  alge- 
braically thus:  v  =  r~S/r*-  (i)^  where  r  is  the  radius,  v 
the  versed  sine,  and  c  the  chord.    (Equation  (i^*-)  reduced.) 
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Example. — ^Iii  an  arc  of  a  circle  whose  radius  is  75  feel, 
what  is  the  versed  sitie  to  a  chord  of  120  feet?    By  the  tabl 
in  tlic  Appendix  it  will  be  seen  that — 

The  square  of  the  radius,  75,  equals  . 
Tlif  sfjuare  uf  hall  llie  chmxi,  60,  etjuals 

The  difference  is  .... 

The  square  root  of  this  is  . 
This  deducted  fn^ii  the  radius  . 

The  remainder  is  the  versed  sine,  = 
This  is  expressed  by  the  formula,  thus — 


7/  =  75  -  4/75 «_  (xfoy  =  75  -  ^5625  -  3600  =  75  -  45  =  30. 


5(9. — ^T«  DoKtTlbe  Ihc  Kegrmcnl  of  a  Circle  by  Intt-meo 

tlon  «f  Llnefc.— Let  ab  {Fig,  370)  be  the  chord,  and  cd  ihc 


/■  1 


1   k    / 


Fio.  370. 

height  of  the  scgrment.  Through  c  draw  c f  parallel  to  di 
draw  bf  at  right  angles  to  €b\  make  ^^f  equal  lor/;  drai 
a g  and  bh  at  right  angles  {.Ki  a b\  divide  c t\  cf,  da^  dh,  <ij 
and  bh,  each  into  a  like  number  of  equal  parts,  as  foul 
draw  the  lines  1  1,22.  etc.,  and  from  the  points  0,  0,  and 
draw  lines  tor;  at  the  intersection  of  these  lines  trace  tiK 
curve,  acby  which  will  be  the  segment  required. 

In  very  large   work,  or  in   laying   out  ornamental  gar^ 
dens,  etc.,  this  will   be  found  useful :  and  where  the  cent] 
of  the  proposed  arc  of  a  circle  is  inaccessible  it  will  be  inval- 
uable.    (To  trace  the  curve,  see  note  at  Art.  550.) 

The  lines  t^a^  <</,  and  fb,  would,  were  they  cxtcndcdL 
meet  in  a  point,  and  that  point  would  be  in  the  opposil 
side  of  the  circumference  ol  the  circle  of  which  a  a 
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seg-ment.  The  lines  1  1,  2  2,  3  3,  would  likewise,  if  extended, 
meet  in  the  same  point.  The  line  cd,  if  extended  to  the  op- 
posite side  of  the  circle,  would  become  a  diameter.  The  line 
fb  forms,  by  construction,  a  right  angle  with  be,  and  hence 
the  extension  of  fb  would  also  form  a  right  angle  with  be, 
on  the  opposite  side  of  bt-\  and  this  right  angie  would  be 
the  inscribed  angle  in  the  semi-circle  ;  and  since  this  is  re- 
quired to  be  a  ri^/tt  angle  {Arf,  352),  therefore  the  con.struc- 
tion  thus  far  is  correct,  and  it  will  be  found  likewise  that  at 
each  point  in  the  curve  formed  by 'the  intersection  of  the 
radiating  lines,  these  intersecting  lines  are  at  right  angles, 

520.  —  OrdiitateM. —  Points  in  the  circumference  of  a 
circle  may  be  obtained  arithmetically,  and  positively  accu- 
rate, by  the  calculation  of  ordinatis,  or  the  parallel  lijies  o  i, 


7  TT^   t 

Fig.  371. 


02,  o  3,  04  (/^f^.  371).  These  ordinates  are  drawn  at  right 
angles  to  the  chord-line  a  b,  and  they  may  be  drawn  at  any 
distance  aj)art,  cither  equally'  distant  or  unequally,  and  there 
may  be  as  many  of  them  as  is  desirable  ;  the  moi'c  there  are 
the  more  points  in  the  curve  will  be  obtained.  If  they  are 
located  in  pairs,  equally  distant  from  the  versed  sine  c  d, 
calculation  need  be  made  only  for  tliose  on  one  side  of  cd, 
as  those  on  the  opposite  side  will  be  of  equal  lengths,  re- 
spectively ;  for  example:  01,  on  the  left-hand  side  of  cd^  is 
equal  to  o  i  on  the  right-hand  side,  02  on  the  right  equals 
02  on  the  left,  and  in  like  manner  for  the  others. 

The  length  of  any  ordinate  is  equal  to  the  square  root 
of  the  difference  of  the  squares  of  the  radius  and  abscissa, 
less  the  diflTercnce  between  the  radius  and  versed  sine  {Art, 
445).  The  abscissa  being  the  distance  from  the  foot  of 
the  versed  sine  to  the  foot  of  the  ordinate.     Algebraically, 
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/  =  ^r*  —  x^  —  {r  —  d),  where  /  is  put  to  represent  the  ordi- 
nate ;  x,  the  abscissa  ;  b,  the  versed  sine ;  and  r,  the  radius. 

Exantptt. — An  arc  of  a  circle  has  its  chord  a  b  {fig.  37O 
100  feet  long,  and  its  versed  sine  cti,  5  feet.  It  is  required 
to  ascertain  the  length  of  ordinates  for  a  sufficient  number 
of  points  through  which  to  describe  the  curve.  To  this  end 
it  is  requisite,  first,  to  ascertain  the  radius.     This  is  readilj 

done  in  accordance  with  Art.  517.      For become^' 


2x5 


=  252-5  =  radius.     Having  the  radius,  the  curve 


might  at  once  be  described  without  the  ordinate  points,  but 
for  the  impracticability  that  usually  occurs,  in  large,  flat 
segments  of  the  circle,  of  getting  a  location  for  the  ccntit^l 
the  centre  usually  being  inaccessible.  The  ordinates  are, 
therefore,  to  be  calculated.  In  Fig.  371  the  ordinates  arc 
located  equidistant,  and  arc  to  feet  apart-  It  will  only 
be  requisite,  therefore,  to  calculate  those  on  one  side  of 
the  versed  sine  t- rt'.  For  the  first  ordinate  01,  the  formula, 
t  =:  ^^r*  —  X*  —  {r  —  b)  becomes — 


/  =  V'252.5*-  10"  -  (252-5  -  5). 


=  4/63756-35  —  100  —  247-5. 
=         252.3019-247-5. 
=  4-8019  =  the  first  ordinate,©  I. 

For  the  second — 


/=  ^252-5'- 20*- (252-5  -  5). 

=:      25 1- 7066  —  247-5. 

=        4-2066  =  the  second  ordinate,  o  2. 
For  the  third — 


/  =  V'252-5'- 30'  — 247.5. 
=     250.7115-247.5. 
=        3.2115  =  the  third  ordinate, 03. 


For  the  fourth- 
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/=f^2S2.5'-4o»-  247.5. 

=      249.3115   -  247.5. 

=         I '8 1 15  =  the  fourth  ordinate,  04. 

The  results  here  obtained  are  in  feet  and  decimals  of  a 
foot.  To  reduce  these  to  feet,  inches,  and  eighths  of  an* 
inch,  proceed  as  at  Reduction  of  Decimals  in  the  Appendix, 
If  the  two-feet  rule,  used  by  carpenters  ant!  others,  were 
decimally  divided,  there  would  be  no  necessity  of  this  re- 
duction, and  it  is  to  be  ho^ed  that  the  rule  will  yet  be  thus 
divided,  as  such  a  reform  would  much  lessen  the  labor  of 
computations,  and  insure  more  accurate  measurements. 

Versed  sine  ^  f/  =  ft.  5  o         =  ft.  5  -o  inches. 

Ordinates     01  =       4-8019  =  4.9!  inches,  nearly. 

^^m             "              02=       4-2066  s^  4-3^  inches,  nearly. 

^^B             "              03=       3-2115=  3 -2i  inches,  nearly. 

^^P            "             04=       1-8115   =  1-91  inches,  nearly. 

I  52 

I     —Let 

and  5  in  the  line  fii-,  the  termination  of  the  curve.  Divide 
I  A  and  if  ^  into  a  like  number  of  equal  parts,  as  at  i,  2,  3,  4, 
and  5  ;  join  1  and  i,  2  and  2,  3  and  5,  etc. ;  and  a  regular 
curve  wiM  be  formed  that  will  be  tangical  to  the  line  a  b,  at 
the  point  i,  and  to  be  at  5. 

This  is  of  much  use  in  stair-building,  in  easing  the  angles 
formed  between  the  wall-string  and  the  base  of  tlie  hall. 
also  between  the  front  string  and  level  facia,  and  in  many 
other  instances.  The  curve  is  not  circular,  but  of  the  form 
of  the  parabola  {Fig,  418);  yet  in  large  angles  the  difference 


521* — In  H  Olvrn  Aiiffle,  lo   l>e<i<*rlt>c*  a  Tiiiiicefl  Curve. 

— Let  abc  {Fig,  372)  be  the  given  anglr,  and  1  in  the  line^^, 
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is  not  perceptible.     This  problem  can  be  applied  to  descrit 
ing  the  curve  for  door-heads,  window-heads,  etc.,  to  rath« 
better  advantage  than  Ar/.  516.     For  instance,  let  ab  {F^ 
373)  be  the  widtli  of  the  opening,  and  ct^  the  height  of  the 


Fig.  373. 

arc.     Extend  cd,  and   make  di-  equal  to  cd;  join  a  and  <". 
also  c  and  fi ;  and  proceed  as  dirtcted  above. 

522.— To  DeKcrlbc  n  Circle  wllhin  au>  Given  Trlnnglr, 
RCft    lliui    the    SIdf'M  »r  tlie  Trititifflc   ulinll    be   Tttnsii'ul.— 

Let  a^c  (/%.  374)  be  the  given  triangle.     Bisect  the  angles 


\: 


Fio.  374. 

a  and  d  accortlinj^  to  Art.  506:  upon  t/,  the  point  of  intersec- 
tion of  the  bisecting  lines,  with  the  radius  c/i,  describe  the 
required  circle.  ^ 

523.— Aiioui  a  Given  Circle,  to  Describe  an  EqollatcriU 
Trlunffic. — Let  addc{Fi^.  375)  be  the  given  circle,  Uraw 
the  diameter  <:</;  upon//,  with  the  radius  of  the  given  circk. 
describe  the  arc  aeb\  join  n  and  b\  draw  /^at  right  angles 
to  tic\  make  fc  and  c  t^  each  equal  to  ^7<^:  from  /,  through 
a,  draw  ///,  also  from  g,  through  b,  draw  gh\  then /if /' 
will  be  the  triangle  required. 

524. — To  Flri<i  a  Rij^lit  Line  nearly  Kqual  to  the 
eumferenee  of  a  Circle. — Let  abed  {Fig.  376)  be  the  give 
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.  Draw  the  diameter  ac,  on  this  erect  an  equilateral 
r\e  aec  according  to  Art.  525  ;  draw  g-/  parallel  to  ac; 
d  ec  to  /,  also  ea  to  £■;  then  ^/  will  be  nearly  the 


Fio.  375- 

1  of  the  semi-circle  adc;  and  twice  g/  will  nearly 
the  circumference  of  the  circle  adct/,  as  was  required, 
nes  drawn  from  e,  through  any  points  in  the  circle,  as 
id  o,  to  p,  p  and  /,  will  divide  gf  in  the  same  way  as 
;mi-circle  adc  \s  divided.  So,  any  portion  of  a  circle 
DC  transferred  to  a  straight  line.     This  is  a  very  useful 


sin,  and  should   be  well  studied,   as  it  is  frequently 
:o  solve  problems  on  stairs,  domes,  etc. 
wther  method.     Let  a  bfc  {Fig.  377)  be  the  given  circle, 
the  diameter  a  c ;  from  d,  the  centre,  and  at  right  an- 
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gles  to  a c^  draw  dh;  join  b  and  c;  bisect  be  at  <\  from 
through  fy  draAv  df;  then  i'/  added  to  three  times  the 
ameter,  will  equal  the  circumference  of  the  circle  sufficientl| 
near  for  many  uses.     The  result  is  a  trifle  too  large.    If  tl 


Fio.  377. 

circumference  found  by  this  rule  be  divided  bv  648-22  the 
quotient  will  be  the  excess.  Deduct  this  excess,  and  the 
remainder  will  be  the  true  circumference.  This  problem  is 
rather  more  curious  than  useful,  as  it  is  less  labor  to  perform 
the  operation  arithmetically^  simply  multiplying  the  given 
diameter  by  3- 1416,  or,  where  a  greater  degree  of  accuracy 
is  needed,  by  3- 141 5926.     (See  Art.  446.) 

POLYGONS,   ETC. 

525. — ^Ilpon  a  Given  Line  to  Couatruci  nn  EqullHlfral 
Ti:lanKi«. — Let  tj  b  [Fig.  378)  be  the  given  line.     Upon  a  and 


Fio.  378. 

b,  with  ab  for  radius,  describe  arcs,  intersecting  at  c; 
and  c\  also  c  and  b  ;  then  a  cb  will  be  the  triangle  rcqui 

526.— To  DeicHliean  Equilateral  Rectangle,  or  Square. 

— Let  ab  {Fig.  379)  be  the  length  of  a  side  of  the  proposed 


POLYGONS  IN  CIRCUMSCRIBING  CIRCLES. 


569 


quare.  Upon  a  and  ^,  with  a  b  for  radius,  describe  the  arcs 
\d  and  bc\  bisect  the  arc  aem  f\  upon  e,  with  ef  for  ra- 
lius,  describe  the  arc  cfd\  join  a  and  r,  c  and  ^,  </and  b\ 
hen  a^^^  will  be  the  square  required. 


d 


^ 


a  6 

Fig.  379. 

527. — ^Within  a  OiTen  Circle,  to  Inscribe  an  Eqallateral 
rriangle,  Hexagon  or  Dodecagon. — Let  abed  {Fig.  380)  be 
he  given  circle.  Draw  the  diameter  bd\  upon  b,  with  the 
adius  of  the  given  circle,  describe  the  Tire  a cc\  join  a  and  c, 
Jso  a  and  d,  and  c  and  d — and  the  triangle  is  completed, 
"or  the  hexagon:  from  a,  also  from  c,  through  <•,  draw  the 
ines  af  and  cg\  join  a  and  b,  b  and  c,  c  and  /,  etc.,  and  the 


lexagon  is  completed.     The  dodecagon  may  be  formed  by 
)isecting  the  sides  of  the  hexagon. 

Each  side  of  a  regular  hexagon  is  exactly  equal  to  the 
adius  of  the  circle  that  circumscribes  the  figure.  For  the 
adius  is  equal  to  a  chord  of  an  arc  of  60  degrees ;  and,  as 
:very  circle  is  supposed  to  be  divided  into  360  degrees,  there 
s  just  6  times  60,  or  6  arcs  of  60  degrees,  in  the  whole  cir- 
iimference.    A  line  drawn  from  each  angle  of  the  hexagon 
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to  the  centre  (as  in  the  figure)  divides  it  into  six  equal,  equi- 
lateral triangles. 

528. — Within  a  Square  t«  IMcrtbe  aa  OcHaf.—Lct 

abed  {Fig.  381)  be  the  given  square.    Draw  the  diagonals 


Fig  381.. 

ad?Lad  be,  upon  a,  b,  c,  and  d,  with  ae  for  radius,  describe 
arcs  cutting  the  sides  of  the  square  at  i,  2, 3, 4,  5, 6, 7,  and  8: 
join  I  and  2,  3  and  4,  5  and  6,  etc.,  and  the  %ure  is  com- 
pleted. 

In  order  to  eight-square  a  hand-rr.il,  or  any  piece  that  is 


Fig.  382. 


to  be  afterwards  rounded,  draw  the  diagonals  <t</ and  be 
upon  the  end  of  it,  after  it  has  been  squared-up.  Set  a 
gauge  to  the  distance  ae  and  run  it  upon  the  whole  length 
of  the  stuff,  from  each  corner  both  ways.     This  will  show 
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how  much  is  to  be  chamfered  off,  in  order  to  make  the  piece 
octagonal  {Arf.  354). 

• 

529. — To  Find  the  Side  of  a  Battrested  Octagon. — Let 

ABCDE  {Fig.  382)  represent  one  quarter  of  an  octagon 
structure,  having  a  buttress  HFGJ  at  each  angle.  The 
distance  M H,  between  the  buttresses,  being  given,  as  also 
FG,  the  width  of  a  buttress ;  to  find  N  C  or  C  %  in  order  to 
obtain  B  C,  the  side  of  the  octagon.  Let  B  C,  a  side  of  the 
octagon,  be  represented  by  ^ ;  or  DC  by  ^d.  Let  MH  =  a ; 
or  yD  =  ia;  and  yC  =  x. 
Then  we  have — 

yD+yc=  CD, 

^  rt  +  .r  =  i  ^, 
a  'V  2x  =  b. 

For  FG^  put  / ;  or  LG  =  Ky-  i/. 

Now  E  D  is  the  radius  of  an  inscribed  circle  and,  as  per 

equation  (140.),  equals  r  =  (  V2  +  i)-. 

Also,  ^  6"  is  the  radius  of  a  circumscribed  circle,  and,  as 

per  equation  (141.),  equals  ^  =  '^2  v'2  +  4-  . 

The  two  triangles,  Cy K  and  C E D^  are  homologous; 
for  the  angles  at  C  are  common  and  the  angles  at  K  and  D 
are  right  angles.  Having  thus  two  angles  of  one  equal 
respectively  to  the  two  angles  of  the  other,  thereforie  {Art. 
345)  the  remaining  angles  must  be  equal.  Hence,  the  sides 
of  the  triangles  are  proportionate,  or — 

ED  :  EC  ::  yK  :  Cy 

n 

r  :  R  ::  ^p  '.  x=.^p-. 

The  value  of  the  side,  as  above,  is — 

R 

0z=za  +  2x=^a+p--. 
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And  taking^  the  value  of  R  and  r,  as  above,  we  have — 


^^    UT+~i);  ~     ^^2  +  I 
Substituting-  this  for  --,  we  have — 

^  =  «  +  y> _ l_z . 

12  -f   I 

The  numerical  coefficient  of  /  reduces  to    i  -0823923  or 
1  -0824,  nearly. 

Therefore  we  have— 

b  =a  -\-  I  •  0824  /.  (207. 

Or:  The  side  of  a  buttressed  octagon  equals  the  distanct 
iween  the  buttresses  plus  i  -0824  times  the  width  of  ihe/flcrof 
the  buttress. 

For  example  :  let  there  be  an  octagon  building,  which 
measures  between  the  buttresses,  as  at  M H,  18  feet,  and  the 
face  of  the  buttresses,  as  FG,  equals  3  feet ;  what,  in  such  a 
building,  is  the  length  of  a  side  B  C't  For  this,  using  equa- 
tion (207.),  we  have — 

^  =  18  +  1-0824  X  3 
=  18  +  3-2472 
=  21-2472. 

Or:  The  side  of  the  octagon  B  C  equals  21  feet  and  nearly  i 
inches.  ^U 

630. — ^within  a  Olvcn  Circle  to  Inscribe  any  Rcin>lar 
Polygon— Let  abe2  {figs.  383,  384,  and  3S5)  be  given  circles. 
Draw  the  diameter  tic;  upon  this  erect  an  equilateral  trian- 
gle aec,  according  to  Art,  525  ;  divide  ^t"  into  as  many  equal 
parts  as  the  polygon  is  to  have  sides,  as  at  I,  2^  3,4,  etc.; 
from  e,  through  each  even  number,  as  2,  4,  6,  etc.,  draw  line* 


TO    DESCRIBE   ANY    REGULAR   rOLYGON. 
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itting  the  circle  in  the  points  2,  4,  etc.;  from  these  points 
id  at  right  angles  to  ^  r  draw  lines  to  the  opposite  part 

the  circle  ;  this  will  give  the  remaining  points  for  the 
•lygon,  as  d,  /,  etc. 

In  forming  a  hexagon,  the  sides  of  the  triangle  erected 


Fig.  383, 


Fig.  384. 


Fig.  385. 


►on  a  c  (as  at  Fig.  384)  mark  the  points  b  and  /.  This 
»thod  of  locating  the  angles  of  a  polygon  is  an  approxima- 
\n  sufficiently  near  for  many  purposes  ;  it  is  based  upon 
B  like  principle  with  the  method  of  obtaining  a  right  line 
vrh  equal  to  a  circle  {Art.  524).  The  method  shown  at 
«-/.  531  is  accurate. 


\ 


Fig.  386. 


Fiu.  337. 


Fjc.  388 


53 U — Ilpon  a  Ctiven  Line  to  Describe  any  Regular 
Alygon. — Let  a  b  {Figs.  j86,  387,  and  388)  be  given  lines, 
nsi\  to  a  side  of  the  required  figure.  From  b  draw  be  at 
f  ht  angles  to  a  b ',  upon  a  and  b,  with  a  b  for  radius,  describe 
e  arcs  acd  and  fcb:,  divide  ac  i  ito  as  many  equal  parts 
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as  the  polygon  is  to  have  sides,  and  extend  those  dmsiom 
trom  c  towards  d;  from  the  second  point  of  division,  count- 
ing from  c  towards  a,  as  3  {Fig.  i'^^)^  4  {Fig,  Z^7\^  ^^^  5  {fi^. 
3J^8),  draw  a  line  to  b;  take  the  distance  from  said  point  0! 
division  to  a,  and  set  it  from  i>  to  e;  join  c  and  a ;  upon  the 
intersection  o  with  the  radius  oa,  describe  the  circle  <j/</^. 
then  radiating  lines,  drawn  from  //  through  the  even  number? 
on  the  arc  ad,  will  cut  the  circle  at  the  several  angles  of  the 
required  figure. 

In  the  hexagon  {Fig.  387),  the  divisions  on  the  arc  a«/arc 
not  necessary  ;  for  the  jjoint  0  is  at  the  intersection  of  the 
arcs  a  if  and  Jb,  the  points  /  and  d  are  determined  by  the 
intersection  of  those  arcs  with  the  circle,  and  the  ptjints 
above  g  and  h  can  be  found  by  drawing  lines  from  n  and  ^ 
through  the  centre  0.  In  polygons  tif  a  greater  number  of 
sides  than  the  hexagon  the  intersection  o  comes  above  the 
arcs;  in  such  case,  therefore,  the  lines  a i-  and  ^5  {Fig.  3^,81 
have  to  be  extended  before  they  will  intersect.  This  method 
of  describing  polygons  is  founded  on  correct  principles,  and 
is  therefore  accurate.  In  the  circle  equal  arcs  subter"! 
equal  angles  {Ar(s.  357  and  515).  Although  this  method  in- 
accurate, yet  polygons  may  be  described  as  accurately  ^wd 
more  simply  in  the  following  manner.  It  will  be  observ«l 
that  much  of  the  process  in  this  method  is  for  the  purjx 
of  ascertaining  the  centre  of  a  circle  that  will  circurascril 
the  proposed  polygon.  By  reference  to  the  Table  of  Pol) 
gons  in  ArL  442  it  will  be  seen  how  this  centre  may  be  •> 
tained  arithmetically.  This  is  the  rule  :  multiply  the  give 
side  by  the  tabular  radius  for  polygons  of  a  like  number  I 
sides  with  the  projjosed  figure,  and  the  product  will  be 
radius  of  the  rcc|iiircd  circumscribing  circle.  Divide 
circle  into  as  many  equal  parts  as  the  polygon  is  to  ha| 
sides.  Connect  the  points  of  division  by  straight  lines, 
the  figure  is  comi)lete.  For  example:  It  is  desired  to 
scribe  a  polygon  of  7  sides,  and  20  inches  a  side.  The  tal 
lar  radius  is  [•1523R.  This  multiplied  bv  20,  the  pnxlt 
23 '0476  is  the  required  radius  in  inches.  The  Rules 
the  Reduction  of  Decimals,  in  the  Appendix,  siiow  how; 
change  decimals  to  the  fractions  of  a  foot  or  an  inch,    Fl 
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this,  23  '0476  is  equal  to  2$^  inches,  nearly.  It  is  not  needed 
to  take  all  the  decimals  in  the  table,  three  or  four  of  them 
will  give  a  result  sufficiently  near  for  all  ordinary  practice. 

532. — To  CJongtract  a  Triangle  irtaote  Sides  shall  be 
■evevally  Equal  to  Three  Given  Lines. — Let  a,  b  and  c  {Fig. 
389)  be  the  given  lines.    Draw  the  line  de  and  make  it  equal 


Fig.  389. 

c\  upon  r,  with  b  for  radius,  describe  an  arc  at  /;  upon  dy 
with  a  for  radius,  describe  an  arc  intersecting  the  other  at/; 
join  d  and  /,  also  /  and  e ;  then  dfc  will  be  the  triangle 
required. 

533. — ^To  Constract  a  lignre  Equal  to  a  Given,  Right- 
lined  Figure.  —  Let  abed  {Fig.  390)  be  the  given  figure. 
Make  ef  {Fig.  391)  equal  to  cd\  upon  /,  with  da  for  radius. 


Fk;.  3yo. 


Flc.  39 1. 


describe  an  arc  at^;  upon  e,  with  ca  for  radius,  describe  an 
arc  intersecting  the  other  at^;  join  ^and  e\  upon  /  and  gy 
with  db  and  ab  for  radius,  describe  arcs  intersecting  at  //; 
join  g  and  A,  also  h  and  /;  then  Fig.  391  will  every  way 
equal  Fig.  390. 

So,  right-lined  figures  of  any  number  of  sides  may  be 
copied,  by  first  dividing  them  into  triangles,  and  then  pro- 
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ceedtng  as  above.     The  shape  of  the  floor  of  any  room, 
of  any  piece  of  land,  etc.,  may  be  accurately  laid  out  by  ihij 
problem,  at  a  scale  upon  paper;  and  the  contents  in  sqt 
feet  be  ascertained  by  the  next. 

534. — To  Make  a  Parallelogram  equal  to  a  Givca 
TrianKl«i. — Let  ahc  {Fig.  392)  be  the  given  triangle.  From 
a  draw  ad  at  right  angles  to  bc\  bisect  ad'\\\  e\  through r 


/ 


Fig.  3<)2. 

draw  f g  parallel  to  hc\  from  b  and  c  draw  b  f  and  r^par-' 
allel  to  dc\  then  bfgc  will  be  a  parallelogram  containing  a 
surface  exactly  equal  to  that  of  the  triangle  a  be. 

Unless  the  parallelogram  is  required  to  be  a  rectangle, 
the  lines  b  f  and  eg  need  not  be  drawn  parallel  to  de.  Ua 
rhomboid  is  desired  they  may  be  drawn  at  an  oblique  angle, 
provided  they  be  parallel  to  one  another.  To  ascertain  the 
area  of  a  triangle,  multiply  the  base  be  by  half  the  perpcn* 


Flc.  393, 


dicular  height  da. 
is  taken  for  base. 


In  doing  this  it  matters  not  whicft 


535. — A  Pnmtlclogrnni  being'  Oiren,  to  Conntrwet  4»» 
other  Equal  to  li^and  Having  a  Mde  Equal  to  a  4^1%  en  IJae. 
— Let  A  {Fig.  393)  be  the  given  parallelogram,  and  B  ^^^^i 
given  line.     Produce  the  sides  of  the  parallelogram,  as  at' 


SQUARE  EQUAL  TO  TWO  OR  MORE  SQUARES. 


577 


«,  bj  c,  and  d";  make  ed  equal  to  B;  through  df  draw  cf  par- 
allel to  ^^;  through  e  draw  the  diagonal  ca;  from  a  draw 
a/  parallel  to  ed\  then  C  will  be  equal  to  A.   (See  Art.  340.) 

536* — ^To  Hake  a  Square  Equal  to  two  or  more  Given 
flvuuret. — Let  A  and  B  {Fig.  394)  be  two  given  squares. 


A 

a          ^*V^i 

B 

Fig.  394- 

Place  them  so  as  to  form  a  rii^^ht  angle. as  at  ^ ;  )oin  ^ aid  ^ ; 
then  the  square  C,  formed  upon  the  lire  be,  wil'  be  eqi'al  in 
extent  to  the  squares  A  and  B  added  together.  Again :  if 
a  b  {Fig.  395)  be  equal  to  the  side  of  a  given  square,  c  a,  placed 
at  right  angles  to  a  b,  be  the  side  of  another  given  square, 


Fio.  395. 

and  cd,  placed  at  right  angles  to  cb,  be  the  side  of  a  third 
given  square,  then  the  square  A,  formed  upon  the  line  db, 
will  be  equal  to  the  three  given  squares.    (See  Art.  353.) 

The  usefulness  and  importance  of  this  problem  are  pro- 
verbial.   To  ascertain  the  length  of  braces  and  of  rafters  in 
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framing,  the  length  of  stair-stnngs,  etc.*,  are  sotne  of  the  pur- 
poses to  which  it  may  be  applied  in  carpentry.  (See  note 
to  Art.  503.)  If  the  lengths  of  any  two  sides  of  a  right- 
angled  triangle  are  known,  that  of  the  third  can  be  ascer- 
tained. Because  the  square  of  the  hypothenuse  is  equal  to 
the  united  squares  of  the  two  sides  that  contain  the  right 
angle. 

(i.)— The  two  sides  containing  the  right  angle  being 
known,  to  find  the  hypothenuse. 

Rule. — Square  each  given  side,  add  the  squares  together, 
and  from  the  product  extract  the  square  root ;  this  will  be 
the  answer. 

For  instance,  suppose  it  were  required  to  find  the  length 
of  a  rafter  for  a  house,  34  feet  wide — the  ridge  of  the  nxrf 
to  be  9  feet  high,  above  the  level  of  the  wall-plates.  Then 
17  feet,  half  of  the  span,  is  one,  and  9  feet,  the  height,  is  the 
other  of  the  sides  that  contain  the  right  angle.  Proceed  as 
directed  by  the  rule : 

17  9 

17  9 

1 19  81  =  square  of  9. 

17  289  =  square  of  17. 

289  =  stiuare  of  17.     370  Product. 

I  )  370^  19- -35  +  =  square  root  of  370;  equal  19  feet  2|  in., 
nearly  ;  which  would  be  the  required 
length  of  the  rafter. 
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^^By  reference  to  the  table  of  square  roots  in  the  Appen- 
dix, the  root  of  almost  any  number  may  be  found  ready 
calculated  ;  also,  to  change  the  decimals  of  a  foot  to  inches 
and  parts,  see  Rules  for  the  Reduction  of  Decimals  in  the 
Appendix.) 

Again :  suppose  it  be  required,  in  a  frame  building,  to 
find  the  length  of  a  brace  having  a  run  of  three  feet  each 
way  from  the  point  of  the  right  angle.  The  length  of  the 
sides  containing  the  right  angle  will  be  each  3  feet ;  then,  as 
before — 

3 

1 

9  —  square  of  one  side. 
3  times  3  =  9  =  square  of  the  other  side. 

18  Product :  the  square  root  of  which  is  4-2426+  ft., 
or  4  feet  2  inches  and  ^  full. 

(2.) — The  hypothenuse  and  one  side  being  known,  to  find 
the  other  side. 

Ru/e. — Subtract  the  square  of  the  given  side  from  the 
square  of  the  hypothenuse,  and  the  square  root  of  the  prod- 
uct will  be  the  answer. 

Suppose  it  were  required  to  ascertain  the  greatest  per- 
pendicular height  a  roof  of  a  given  span  may  have,  when 
pieces  of  timber  of  a  given  length  are  to  be  used  as  rafters. 
Let  the  span  be  20  feet,  and  the  rafters  of  3  x  4  hemlock 
joist.  These  come  about  13  feet  long.  The  known  hy- 
pothenuse, then,  is  13  feet,  and  the  known  side,  10  feet — 
that  being  half  the  span  of  the  building. 

13 
13 

39 
13 

169  =  square  of  hypothenuse. 
10  times  10  =  100  =  square  of  the  given  side. 

6q  Product :    the   square   root   of  which    is 
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8-3066+  feet,  or  S  fcet  3  inches  and  ^  full.  This  will  be  thel 
greatest  perpendicular  heig;ht,  as  required.  Again:  suppnse] 
that  in  a  story  of  S  feet,  from  floor  to  floor,  a  step-ladder  SI 
required,  the  strings  of  which  arc  to  be  of  plank  12  feet] 
long,  and  it  is  desirable  to  know  the  greatest  run  such  ; 
length  of  string  will  afford.  In  this  case,  the  two  given 
sides  are — hypothenuse  12,  perpendicular  8  feet. 

12  times  12  =  144  =  square  of  hypothenuse, 
8  times    8  =    64  =  square  of  perpendicular. 

80  Product :  the  square  root  of  which  is 
8 '9442+  feet,  or  8  feet  11  inches  and  -^\ — the  answer,  as  re- 
quired. 

Many  other  cases  might  be  adduced  to  show  the  utility 
of  this  problem.  A  practical  and  ready  method  of  ascer- 
taining the  length  of  braces,  rafters,  etc..  when  not  of  a  great 
length,  is  to  apply  a  rule  across  the  carpenters' -square. 
Suppose,  for  the  length  of  a  rafter,  the  base  be  12  feet  and 
the  height  7.  Apply  the  rule  diagonally  on  the  square,  so 
that  it  touches  12  inches  from  the  corner  on  one  side,  and  7 
inches  from  the  corner  on  the  other.  The  number  of  mches 
on  the  ride  which  are  intercepted  by  the  sides  of  the  square, 
13I,  nearly,  will  be  the  length  of  the  rafter  in  feet  ;  viz.,  13 
feet  and  I  of  a  foot.  H  the  dimensions  are  large,  as  30  feet 
and  20,  take  the  half  of  each  on  the  sides  of  the  square,  viz., 
15  and  10  inches ,  then  tht  Icngtli  in  inches  across  will  \k 
one  half  the  number  of  feet  the  rafter  is  long.  This  methotl 
is  just  as  accurate  as  the  preceding  ;  but  when  the  length 
a  very  long  rafter  is  sought,  it  requires  great  care  and  pi 
cision  to  ascertain  the  fractions.  For  the  least  variation 
the  square,  or  in  the  length  taken  on  the  rule,  would  ma 
perhaps  several  inches  difference  in  the  length  of  the  ral 
For  shorter 'dimensions,  however,  the  result  will  be  trot" 
enough. 


537.— To  Make  a  Circle  Equal  to  two  Given  Clrdoi 

Let  A  and  B  iFijr,  396)  be  the  given  circles.     In  the  rigl 
angled   triangle  a  be  make  «  ^  equal   to  the  diameter  of 
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:le  By  and  cb  equal  to  the  diameter  of  H:he  circle  A  ;  then 
"hypothenuse  ac  will  be  the  diameter  of  a  circle  C,  which 
^,__i  be  equal  in  area  to  the  two  circles  A  and  B,  added 
ib^lfether. 


Fig.  396. 

Any  polygonal  figure,  as  A  {Fig.  397),  formed  on  the  hy- 
pothenuse  of  a  right-angled  triangle,  will  be  equal  to  two 
similar  figures,*  as  B  and  C,  formed  on  the  two  legs  of  the 
triangle. 


^  Fig.  397. 

S38. — To  Construct  a  Square  Equal  to  a  Given  Reet- 
anffle. — Let  A  {Fig.  398)  be  the  given  rectangle.  Extend 
the  side  ab  and  make  be  equal  to  be;  bisect  « ^  in /,  and 
upon/,  with  the  radius /<7,  describe  the  semi-circle  age\ 
extend  eb  till  it  cuts  the  curve  in  g\  then  a  square  bghd, 
formed  on  the  line  bg,  will  be  equal  in  area  to  the  rectan- 
gle ^. 


*  Similar  figures  are  such  as  have  their  several  angles  respectively  equal, 
and  their  sides  respectively  proportionate. 
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Another  nutltod.  Let  A  {Fig.  -^(gi^  be  the  g^ven  rectangle. 
Extend  the  side  a b  and  make  ad  equal  to  ac\  bisect  advoi 
e\  upon  e,  with  the  radius  ea^  describe  the  semi-circle  afA\ 
extend  gb  till  it  cuts  the  curve  in  /;  join  a  and  /;  then 


Fi<;.  398. 

the  square  /i,  formed  on  the  line  af^  will  be  equal  in  area  to 
the  rectangle  A.     (See  Arts.  352  and  353.) 

539. — To  Form  a  Square  Equal  to  a  Given  Triangle.— 

Let  a  b  {Fig.  398)  equal  the  base  of  the  given  triangle,  and  be 


equal  half  its  perpendicular  height  (see  Fig.  392)  ;  then  pro- 
ceed as  directed  at  Art.  538. 


54-0.— Two  Rlgiit  liineti  being  Given,  to  Find  a  Third 
Proportionai  Tlicreto. — Let  A  and  B  {Fig.  400)  be  the  given 
lines.     Make  a  b  equal  to  A  ;  from  a  draw  « <:  at  any  angle 
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with  ad;  make  ac  and  ad  each  equal  to  B;  join  c  and  d; 
from  d  draw  de  parallel  to  cd;  then  a e  will  be  the  third 
proportional  required.  That  is,  a  e  bears  the  same  propor- 
tion to  B  as  £  does  to  A. 


Fu;.  400. 

54-1  a — Three  Right  liincs  being  Given,  to  Find  a  Fourth 
Proportional  Thereto. — Let  A,  B,  and  C  {Fig.  401)  be  the 
given  lines.     Make  a b  equal  to  A  ;  from  a  draw  ac  2X  any 


A' 

c- 


a  «  b 

.  Fig.  401. 

angle  with  a  b ;  make  a  c  equal  to  B  and  a  e  equal  to  C ;  join 
c  and  b ;  from  r  draw  ef  parallel  \.o  cb\  then  af  will  be  the 
fourth  proportional  required.  That  is,  af  bears  the  same 
proportion  to  6"  as  ^  does  to  A. 

To  apply  this  problem,  suppose  the  two  axes  of  a  given 
ellipsis  and  the  longer  axis  of  a  proposed  ellipsis  are  given. 
Then,  by  this  problem,  the  length  of  the  shorter  axis  to  the 
proposed  ellipsis  can  be  found  ;  so  that  it  will  bear  the  same 
proportion  to  the  longer  axis  as  the  shorter  of  the  given 
ellipsis  does  to  its  longer.     (See  also  Art.  559.) 

542. — k.  lilne  Mrlth  Certain  Divisions  being:  Cliven,  to 
DiTlde  Another,  Longer  or  Shorter,  GlTen  Line  In  the 
Same  Proportion. — Let  A  {Fig.  402)  be  the  line  to  be  di- 
vided, and  B  the  line  with  its  divisions.  Make  ab  equal  to 
B  with  all  its  divisions,  as  at  i,  2,  3,  etc.;  from  a  draw  ac  2X 
any  angle  with  a  b ;  make  a  c  equal  to  A  ;  join  c  and  b  ;  from 
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the  points  i,  2,  3,  etc.»  draw  lines  parallel  to  r^;  then  these 
will  divide  the  line  acin  the  same  proportion  as  ^  is  divided 
— as  was  required. 

This  problem  will  be  found  useful  in  proportioning  the 


A 

. 

e 

a 

1 

t            8 

Fig.  402. 

i   t    I 

members  of  a  proposed  cornice,  in  the  same  proportion  as 
those  of  a  given  cornice  of  another  size.  (See  Art.  321.)  So 
of  a  pilaster,  architrave,  etc. 

543. — Between  Two  Gtren  BIcbt  I^lnei,  to  Find  a 
Mean  Proportional. — Let  A  and  B  {Fig.  403)  be  the  given 
lines.  On  the  line  ac  make  ab  equal  to  A  and  be  equal  to 
B\  bisect  ac  in  e\  upon  e,  with  ea  for  radius,  describe  the 
semi-circle  adc;  at  b  erect  bd  Tit  right  angles  to  ac\  then 


bd  will  be  the  mean  proportional  between  A  and  B.  That 
isy  ab  is  to  bd  as  bd  is  to  be.  This  is  usually  stated  thus: 
ab  :  bd  :  :  bd  :  be,  and  since  the  product  of  the  means 
equals  the  product  of  the  extremes,  therefore,  abx  be  =  bd  • 
This  is  shown  geometrically  at  Art.  538. 

CONIC   SECTIONS. 

54-4. — Dellnltlont.  —  If  a  cone,  standing  upon  a  base 
that  is  at  right  angles  with  its  axis,  be  cut  by  a  plane,  per- 
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pendicular  to  its  base  and  passing  through  its  axis,  the  sec- 
tion will  be  an  isosceles  triangle  (as  a  be,  Fig.  404) ;  and  the 
base  will  be  a  semi-circle.  If  a  cone  be  cut  by  a  plane  in  the 
direction  ef  the  section  will  be  an  ellipsis;  if  in  the  direction 
*«/,  the  section  will  be  a  parabola;  and  if  in  the  direction 
rOf  an  hyperbola.  (See  Art.  499.)  If  the  cutting  planes  be 
at  right  angles  with  the  plane  abc^  then — 

54-5. — To  Find  the  Axes  of  the  Elltpsls :  bisect  ef  {Fig. 
404)  in  g\  through  ^draw  hi  parallel  to  ab\  bisect  /;/ in/; 


Fig.  404. 


upon  y,  withy//  for  radius,  describe  the  semi-circle  hki\ 
from  ^draw  gk  3it  right  angles  to  ///;  then  twice  gk  will 
be  the  conjugate  axis  and  ef  the  transverse. 

54'6. — To  Find  the  Axis  and  Base  of  the  Parabola. — 

Let  m  I  {Fig.  404),  parallel  to  ac,  be  the  direction  of  the  cut- 
ting plane.  From  in  draw  m d  at  right  angles  to  ab\  then 
hn  will  be  the  axis  and  height,  and  md  an  ordinate  and  half 
the  base,  as  at  Figs.  417,  418. 

54-7. — ^To  Find  the  Heigrht,  Base,  and  Transverse  Axis 
of  an  Hyperbola. — Let  o  r  {Fig.  404)  be  the  direction  of  the 
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cutting  plane.     Extend  or  and  ac  till  they  meet  at  n\  from 
o  draw  op  at  right  angles  \.o  ab\  then  ro  will  be  the  hcigli 
n  r  the  transverse  axis,  and  op  half  the  base ;  as  at  Fig,  415 

54-8. — The  Axes  belns  Given,  to  Find  the  Foel,  and  iT 
Deseribe  nn  l':illp«iH  wiiii  u  Mriiig. — Let  ab  {Fig.  405)  and 
cd  be  the  given  axes.  Upon  c,  with  a  f  or  be  for  radius,  de- 
scribe the  arc  //;  then  /  and  /,  the  points  at  which  the 
arc  cuts  the  transverse  axis,  will  be  the  foci.  At  /  and  / 
place  two  pins,  and  another  at  c\  tie  a  string  about  the  three 
pins,  so  as  to  form  the  triangle  ffc ;  remove  the  pin  frxmi^ 
and   place  a  pencil   in  its  stead  ;    keeping  the  string  taut, 


move  the  pencil  in  the  direction  cga:  it  will  then  descr 
the  required  ellipsis.     The  lines  fg  and  gf  show  the 
tion  of  the  string  when  the  pencil  arrives  at  g. 

This  method,  when  performed  correctly,  is  perfecllv  ac- 
curate ;  but  the  string  is  liable  to  stretch,  and  is,  therefore, 
not  so  good  to  use  as  the  trammel.  In  making  an  ellipse  by 
a  string  or  twine,  that  kind  should  be  used  which  has  the 
least  tendency  to  elasticity.  Fur  this  reason,  a  cotton  cord, 
such  as  chalk-lines  are  commonly  made  of,  is  not  proper  lor 
the  purpose ;  a  linen  or  flaxen  cord  is  much  better. 


S49,— Tlic  Axe*  Ivein^  Given,  to  Deeorlb«   an 
wltli  M  Trammel. — Let  ah  and   cd  {Fig.  406)  be   the  giv< 
axes.     Place  the  trammel  so  that  a  line  passing  through  the 
centre  of  the  grooves  would  coincide  with  the  axes;  make 
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tairce  from  the  pencil  <•  to  the  nut  /  equal  to  half  c d\ 
also,  from  the  pencil  c  to  the  nut  g  equal  to  half  ab ;  letting' 
the  pins  under  the  nuts  slide  in  the  grooves,  move  the  tram- 
mel f g  \n  the  direction  ciAi\  then  the  pencil  at  (»  will  de- 
scribe the  required  ellipse. 

A  trammel  may  be  constructed  thus:  take  two  straight 
strips  of  board,  and  make  a  groove  on  their  face,  in  the  cen- 
tre of  their  width  :  join  them  tog-ether,  in  the  middle  tjf  their 
length,  at  right  angles  to  one  another ;  as  is  seen  at  /'/j^.  406. 
A  rod  is  then  to  be  prepared,  having  two  movable  nuts 
made  of  wood,  with  a  mortise  through  them  of  the  size  of 
the  rod,  and  pins  under  them  large  enough  to  fill  the 
grooves.     Make  a  hole  at  one  end  (jf  the  nnj,  in  which  to 


Fig,  40C 


place  a  pencil.  In  the  absence  of  a  regular  trammel  a  tem- 
porary one  may  be  made,  which,  lor  any  short  job^  will  an- 
swer every  purpose.  Fasten  two  straight-edges  at  right 
angles  to  one  another.  Lay  them  so  as  to  coincide  with  the 
axes  of  the  proposed  ellipse,  having  the  angular  point  at  the 
centre.  Then,  in  a  rod  having  a  hole  fnr  the  pencil!  at  one 
end,  place  two  brad-awls  at  the  distances  described  at  Art. 
549.  While  the  pencil  is  moved  in  the  direction  of  the 
curve,  keep  the  bratl-awls  hard  against  the  straight-edges, 
as  directed  for  using  the  trammel-ntd.  and  one  quarter  of 
the  ellipse  will  be  drawn.  Then,  by  shifting  the  straight- 
edges, the  other  three  quarters  in  succession  may  be  drawn. 
If  the  required  ellipse  be  not  too  large,  a  carpentcrs'-square 
may  be  made  use  of,  in  place  of  the  straight-edges. 

An  improved   method  of  constructing  the  trammel  is  as 
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follows:  make  the  sides  of  thetgrooves  bevelling  from 
face  of  the  stuff,  or  dove-tailing  instead  of  square.     Prepare 
two  slips  of  wood,  each  about  two  inches  long,  which  shall 
be  of  a  shape  to  just  fill  the  groove  when  slipped  in  at  tl; 
end.     These,  instead  of  pins,  are  to  be  attached  one  to  edi<& 
of  the  moval>lc  nuts  with  a  screw,  loose  enout^h  for  the  nut 
to  move  freely  about  the  screw  as  an  axis.     The  advanta^ 
of  this  contrivance  is,  in  preventing  the  nuts  from  slipping 
out  of  their  places  during  the  operation  of  describing  the 
curve, 

550. — To  DcHoribc  an  l^lllpiiiN  l»|-  Ordlnatc*«. — Let  at 

and  cei  (/'"4'".  407)  be  given  axes.     With  rt-  or  <•</  for  radius 


3     [3 


/I    a   3    A 


describe  the  quadrant  J\^/e :  divide  f/t,  ac,  and  /•  b,  each  int^^ 
a  like  number  of  equal  parts,  as  at  I,  2,  and  3 ;  throug^H 
these  points  draw  nrdinates  parallel  to  c d  and  /.?*:  take  the 
distance  i  /  and  place  it  at  i  /,  transfer  2y  to  2 ;«,  and  3  k 
in  ;  through  the  points  a,  »,  rn,  /,  and  r,  trace  a  curve, 
the  ellipsis  will  be  completed. 

The  greater  tlie  number  of  divisions  on  a,  e,  etc.,  in 
and  the  following  problem,  the  more  points  in  the  curve  can 
be  found,  and  the  more  accurate  the  curve  can  be  tracet^f 
If  pins  arc  placed  in  the  points  //,  w,  /,  etc.,  and  a  thin  sli^^ 
of  wood  bent  around  by  them,  the  curve  can  be  made  quite 
correct.    This  method  is  mostly  used  in  tracing  face-moulds 
for  stair  hand  railing. 


tJP 


551. — T<»  DcKcrlbc  an  Elllpi«l«  l»>  lnfcr«e<'llon  <»r  Llnrc. 

— Let  ab  and  <:  d  \J-lg:  408)  be  given  axes.     Through  r,  draw 
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fg  parallel  \.o  ab\  from  a  and  b  draw  af  and  b g  2X  right 
angles  to  ab\  divide  /«,  gby  ae^  and  eb^  each  into  a*  like 
number  of  equal  parts,  as  at  i,  2,  3,  and  0,0^0;  from  i,  2, 
aqd  3,  draw  lines  to  c ;  through  <?,  <?,  and  ^,  draw  lines  from  d, 


intersecting  those  drawn  to  c\  then  a  curve,  traced  through 
the  points  /,  /,  «',  will  be  that  of  an  ellipsis. 

Where  neither  trammel  nor  string  is  at  hand,  this,  per- 
haps, is  the  most  ready  method  of  drawing  an  ellipsis.  The 
divisions  should  he  small,  where  accuracy  is  desirable.  By 
this  method  an  ellipsis  may  be  traced  without  the  axes,  pro- 
vided that  a  diameter  and  its  conjugate  be  given.     Thus,  ab 


Fig.  409. 


and  cd(JRig.  409)  are  conjugate  diameters:  fg\^  drawn  par- 
allel to  ab^  instead  of  being  at  right  angles  to  ^^;  also,  fa 
and  gb  are  drawn  parallel  to  cd^  instead  of  being  at  right 
angles  to  a  b. 
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552* — To  Deiicrlbci  an   Ellipsis  hj  Intcmertlnf  Am.— 

Let  a/f  and  i-(i  [Fig.  410)  be  given  axes.  Between  one  of  the 
foci,  f  and  /,  and  the  centre  r,  mark  any  number  of  points, 
at  random,  as  1,2,  and  3  ;  upon  /  and  /,  with  b  i  for  radius, 
describe   arcs  at  g,  ^,  ^,  and  g;    upon  /  and  /,  with  <M  lor 


/    ^ 


J 


Fio.  410, 

radius,  describe  arcs  intersecting-  the  others  at  ,i;;^,g,g,  and^; 
then  these  points  of  intersection  will  be  in  the  curve  of  the 
ellipsis.  The  other  points,  //  and  i,  arc  found  in  like  manner, 
viz.:  h  is  found  by  takinj^  bi  for  one  radius,  and  a  2  for  the 
other ;  *  is  found  by  taking  /;  3  for  one  radius,  and  a  3  for  lh( 


A\ 


other,  always  using  the  foci  for  centres.     Then  by  tracing  a_ 
curve  through  the  points  eg,  h,  i,  h,  etc.,  the  ellipse  will 
completed. 

This  problem  is  founded  upon  the  same  principle  as  that 
of  the  string.  This  is  obvious,  when  we  reflect  that  the 
length  of  the  string  is  equal  to  the  transverse  axis,  added  lo 


TO   DESCRIBE   AN  OVAL. 
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the  distance  between  the  foci.     See  Fig.  405,  in  which  cf 
equals  ae^  the  half  of  the  transverse  axis. 

5S3a — To  Describe  a  Figure  Nearly  In  tbe  Shape  of  an 
Blliptis,  by  a  Pair  of  CompaMes. — Let  a  b  and  cd  {Fig.  41 1) 
be  given  axes.  From  c  draw  ce  parallel  to  ab;  from  a  draw 
ae  parallel  to  cd\  join  e  and  d\  bisect  earn  f\  join  /  and  c, 
intersecting  ed\n  i;  bisect  ic  in  0;  from  o  draw  og  at  right 
angles  to  ic,  meeting  ^^  extended  to  g;  join  i  and^,  cutting 
the  transverse  axis  in  r ;  make  /ij  equal  to  /tg,  and  /t  k  equal 
to//r ;  from  j,  through  r  and  k,  draw/w  andy«;  also,  from 
g,  through  k,  draw  gl\  upon  g  and  y,  with  gc  for  radius, 
describe  the  arcs  /"/  and  ntn\  upon  r  and  k,  with  ra  for 


radius,  describe  the  arcs  ;«/and  /;/;  this  will  complete  the 
figure. 

When  the  axes  are  proportioned  to  one  another,  as  at  2 
to  3,  the  extremities,  c  and  d,  of  the  shortest  axis,  will  be 
the  centres  for  describing  the  arcs  //  and  in  n ;  and  the  inter- 
section of  ed  with  the  transverse  axis  will  be  the  centre  for 
describing  the  arc  ;«,  /',  etc.  As  the  elliptic  curve  is  contin- 
ually changing  its  course  from  that  of  a  circle,  a  true  ellipsis 
cannot  be  described  with  a  pair  of  compasses.  The  above, 
therefore,  is  only  an  approximation. 

554« — To  Draw  an  OTal  In  the  Proportion  Seven  by 
Nine. — Let  cd  {Fig.  ^12)  be  the  given  conjugate  axis.    Bisect 
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r  d  in  0^,  and  throuj^h  o  draw  ab  at  rig-ht  ang^les  to  r</;  bisect 
CO  in  t  ;  upon  o,  with  oc  for  radius,  describe  the  circle  tj^k. 
from  <*,  through  //  and  /,  draw  <-y  and  ci;  also,  from  |, 
through  //  and  /,  draw  g /;  and  ^/;  upon  ^,  with  gc  fof, 
radius,  describe  the  arc  ^'/;  upon  r".  with  rr/  for  radius,  de 
scribe  the  arc  ji ;  upon  ^  and  /,  with  k  k  for  radius,  descrit 
the  arcs/X*  and  /;';  this  will  complete  the  figure. 


/ 


Fig,  413- 

This  is  an  approximation  to  an  ellipsis ;  and  perhaps  no 
method  can  be  found  by  which  a  well-shaped  oval  can  be 
drawn  with  greater  facility.  By  a  little  variation  in  the 
process,  ovals  of  different  proportions  may  be  obtained,  li 
quarter  of  the  transverse  axis  is  taken  for  the  radius  of  ihc 
circle  e/gh^  one  will  be  drawn  in  the  proportion  five  by 
seven. 


Fig.  414. 

555i — To  Draw  a  Tnnvcnt  10  nii  Elltpnh. — Let  abi 

{f-ii^.  413)  be  the  given  ellipsis,  and  ti  the  point  of  contaC 
Find  the  foci  [Art.  548)  /  and  /,  and  from  them,  through 
draw  ff  and  /*/ ;  bisect  the  angle  {Art.  506)  edo  with 
line  sr-,  then  sr  will  be  the  tangent  required. 


TO    FIND   THE   AXES    OF   AN    ELLIPSE. 
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556. — An  EliipMU  %%'l|li  a  Tungont  tiU'cu,  to  Detect  the 
Point  of  Contact. — Let  a gbf  {J'ig.  414)  be  the  given  ellip- 
sis and  tangent.  Through  the  centre  t-  draw  ad  parallel  to 
the  tangent;  anywhere  between  c  and  /'  draw  r^/ parallel  to 
ad;  bisect  r^/  in  o;  through  o  and  t' draw  y^--;  then  g  will 
be  the  point  of  contact  required. 

557. ^A    Dinmeter   of  an    Ellip«iH    Olven,    to    Find   tta 

Conjugate. — Let  ad  {fig.  4141  be  tJie  given  diameter.  Find 
the  line  fg  by  the  last  problem  ;  then  fg  will  be  the  diam- 
eter required. 

558. — Any  Diameter  and  its  Conjugate  being  Given,  to 
AteertHln  the  Two  Axei»,  and  llienee  to  Deiieribc)  the  Ellf[Miii. 

— Let  a  b  and  cd  {fig.  415)  be  the  given  diameters,  conjugate 


Fig.  415, 

to  one  another.  Through  c  draw  cf  parallel  to  r;  ^  ;  from  c 
draw  eg  at  right  angles  to  «•/;  make  ir,^'- equal  to  ah  or  hb\ 
join  g  and  // ;  upon  g,  with  gc  for  radius,  describe  the  arc 
ikcj\  upon  //,  with  the  same  radius,  describe  the  arc  /;/j 
through  the  intersections  /  and  n  draw  no^  cutting  the  tan- 
gent £  f  in  o  ;  upon  o,  with  o g  for  radius,  describe  the  semi- 
circle t'i gf\  join  ("  and  g,  also  ^and  /,  cutting  the  arc  ic J 
in  k  and  / ;  from  r,  through  h,  draw  e  m,  also  from  7",  through 
//,  draw  //> :   from  I'  and  /  draw  ^r  and  ts  parallel  to  gA 


4 


559. — To  Describe  an  f^llififlfM,  wliosc  Axi^*  shall  t»e 
l*ropiirli(»nate  to  tlio  \%*.*n  of  a  l.ur|rcr  ar  ^matter  C-lvcN 
One. — Let  ac bd  KFig-  416)  be  the  given  ellipsis  and  axes, and 


Fig.  416. 


i/the  transverse  axis  of  a  proposed  smaller  one.  Join  a  and 
r ;  from  i  draw  iV  parallel  to  ac\  make  of  equal  to  oe\  then 
t' f  will  be  the  conjui^ate  axis  required,  and  will  bear  I 
same  proportion  to  ij  as  cd  does  to  ab.     (See  Art,  541.) 


560. — To  Denerfbei  a  Parabola  by  Inl«n»cc>tfon  of  LIneti 

— Let  ml  {fig.  417)  be  the  axis  and  height  (see  1  ig,  ^o.\)  and 


1 


dd  a  doubJe  ordinate  and  b:ise  of  the  proposed  paral 
Through  /  draw  n  a  parallel  to  dd ;  through  d  and  d  draw 
da  and  da  parallel  to  m!\  divide  <7</  and  dm^  each  into  a 
like  number  of  equal  parts ;  from  each  point  of  division 
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dm  draw  the  lines  i  i,  22,  etc.,  parallel  to  ;;//;  from  each 
point  of  division  in  da  draw  lines  to/;  then  a  curve  traced 
through  the  points  of  intersection  o,  o,  and  <?,  will  be  that  of 
a  parabola. 

Another  method.  Let  m  I  {Fig. /^\2>)  be  the  axis  and  height, 
and  dd  the  base.  Extend  ml  and  make  la  equal  to  ml\ 
join  a  and  d,  and  a  and  d\  divide  ad  and  «</,  each  into  a 
like  number  of  equal  parts,  as  at  i,  2,  3,  etc. ;  join  i  -Jind  i,  2 
and  2,  etc.,  and  the  parabola  will  be  completed.  (See  Arts. 
460  to  472.) 

56 L — To  Describe  an  Hyperbola  by  Intersection  of 
lilnes. — Let  ro  {Fig.  419)  be  the  heig^ht, //  the  base,  and  nr 
the  transverse  axis.    (See  Fig.  404.)    Through  r  draw  a  a 


Fig.  418. 


/   1   «  g  u  3  ^    J  / 
Fi<;.  419, 


parallel  to  //;  from  /  draw  ap  parallel  to  ro\  divide  ap 
and  po,  each  into  a  like  number  of  equal  parts;  from  each 
of  the  points  of  division  in  the  base,  draw  lines  to  ;/ ;  from 
each  of  the  points  of  division  in  ap,  draw  lines  to  r\  then 
a  curve  traced  through  the  points  of  intersection  0,  0,  etc., 
will  be  that  of  an  hyperbola. 

The  parabola  and  hyperbola  afford  handsome  curves  for 
various  mouldings.  (See  Figs.  191  to  205  ;  222  to  224;  241 
and  242  ;  also  note  to  Art.  318.) 


562.— The   Art   of   Drawing    consists   in    representing 

solitis  upon  a  plane  surface,  so  thai  a  curious  and  nice  ad- 
justment ot  lines  is  made  to  present  tlie  same  appearance  to 
the  eye  as  does  the  human  figure,  a  tree,  or  a  house.  It  is 
by  tlic  effects  of  light,  jn  its  reflection,  shade,  and  shadow, 
that  the  presence  of  an  object  is  made  known  to  us;  so 
upon  paper  it  is  necessary,  in  order  that  the  delineation 
may  appear  real,  to  represent  fully  a!l  the  shades  and  shad- 
ows that  would  be  seen  upon  the  object  itself.  In  this  sec- 
tion I  propose  to  illustrate,  by  a  few  plain  examples,  the 
.simple-  elementary  principles  upon  which  shading,  in  archi- 
tectural subjects,  is  based.  The  necessary  knowledge  of 
drawing,  preliminary  to  this  subject,  is  treated  of  in  Section 
XV.,  from  Arts.  487  to  498. 


* 


563. — The  Incllufttion  of  ihe  I^lno  or  SImdoir. — This 
is  always,  in  architectural  drawing,  45  degrees,  both  on  the 
elevation  and  on  the  plan;  and  the  sun  is  supposed  to  be 
behind  the  spectator,  and  over  his  left  shoulder.     This  can 
be  illustrated  by  reference  to  Fig:  420,  in  which  A   rcpre-j 
scnts  a  horizontal  plane,  an<l  /?  and  C  two  vertical  planes] 
placed  at  right  angles  to  each  other.    A  represents  the  plan, 
C  the  elevation,  and  i?  a  vertical  projection  from  the  cleva 
tion.      In  finding  the  shadow  of  the.  plane  />.  the  line  a  b  is 
drawn  at  an  angle  of  45   degrees  with  the  horizon,  and  the] 
liner/;  at  the  same  angle  with   the  vertical  plane  j^.     The 
plane  B  being  a  rectangle,  this  makes  the  true  direction  of* 
the  sun's  ravs  to  be  in  a  course  parallel  to  dh,  which  direc-- 
tion  has  been  proved  to  be  at  an  angle  of  35  degrees  and! 
16  minutes  with  the  horizon.     It  is  convenient,  in  shading, 
to  have  a  set-square  with   the  two  sides  that  contain  the 


right  angle  ol  equal  length  ;  this  will  make  the  two  aciil 
angles  each  45  degrees,  and  w  ill  give  the  requisite  bevel 
when  Wijrked  upon  the  edge  of  the  T-square.  One  reason 
why  this  angle  is  chosen  in  preference  to  another  is  that 
when  shadows  are  properly  made  upon  the  drawing  by  it, 
the  depth  of  every  recess  is  more  readily  known,  since  the 
breadth  of  shadow  atid  the  depth  of  the  recess  will  he  equal. 
To  distinguish  between  the  terms  shade  and  sltadoiu,  it  will 
be  understood  that  all  such  parts  of  a  body  as  are  not  ex- 
posed to  the  direct  action  tif  the  sun's  rays  are  in  shade; 


while  those  parts  which  are  deprived  of  light  by  the  inter- 
positi<jn  of  other  bodies  arc  in  shadozv. 

564.— To  Find  iho  Line  of  Miactow  on  lIoiitclini^H  and 
oilier  Horizonlully  Nlralglit.  PruJi>c*tiotii». — I'ig'i'  4^1,  422, 
423,  and  424  represent  various  mouldings  in  elevation,  re- 
turned at  the  left,  in  the  usual  manner  of  mitering  around  a 
projection.  A  mere  inspection  of  the  figures  is  sufhcient  to 
see  how  the  line  of  shadow  is  obtained,  bearing  in  mind  that 
the  ray  ab  \%  drawn  from  the  projections  at  an  angle  of  45 
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dc|2^ccs.     When  there  is  no  return  at  the  end,  it  is  ncc 
sary  tt)  draw  a  section,  at  any  place  in  the  length  of  the 
mouldings,  and  find  the  line  of  shadow  from  tliat. 

565. — To  Find  the  L.tnc^  of  Shadow  Cast  by  n  Hbelf.— In 
Fig.  425,  A  is  the  plan  and  B  is  the  elevation  of  a  shcK 
attached  to  a  wall.  From  a  and  c  draw  a  b  and  c  d,  accord- 
ing^ to  the  anjLjlc  previously  directed  ;  from  b  erect  a  per- 
pendicular intersecting  r</ at /^i^:  from  y/ draw  </r  parallel  to 


Fig.  421. 


Fiu.  43s. 


Fu;.  423, 


Fig.  424. 


the  shelf;  then  the  lines  d"^/  and  de  will  define  the  shadoi 
cast  by  the  shelf.  There  is  an*>thcr  method  of  finding  tht 
shadow,  without  the  plan  A.  Extend  the  lower  line  of  fh( 
shelf  to/,  and  make  r/cqual  lo  the  projection  of  the  she! 
from  the  wall  ;  from /drawee  »t  the  customary  angle,  at 
from  1  drop  the  vertical  line  c  >;  intersecting  f g^^-i^',  fro< 
g  tlr.iw  gc  parallel  to  the  shelf,  anil  from  r  draw  cd  at  tl 
usual  angle:  then  the  Imes  cd  and  de  will  detertnine  the 
extent  of  the  shadow  as  before. 


bc^  intersecting  i-r  in  r  ;  ironi  tf,  through  c,  dmw  do- 
n  the  lines  id  Siwd  do  will  give  the  iimit  of  the  shadow 
t  by  the  shelf. 
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567.— To  Find  tlir  iStaadow  ofti  Sheir  haviuf  one 
Arutf^  or  ObiUHO  Angled. — Fii^.  427  shows  the  plan  and  cl 
vation  of  an  acute-angled  shelf.     Find  the  line  e^  asbcforel 


Fic.  427. 

from  a  erect  the  perpendicular  ab\  join  b  andr;  then  bf 
and  r^''will  define  the  boundary  of  shadow. 

568.— To  Find  tiic  Miadow  Cutt  by  nn  Inclined  Sbvir- 

In  Fig.  42S  the  plan  and  elevation  of  such  a  shelf  arc  shown, 
having  also  tnie  end  wider  than  the  other.     Proceed  asdi»l 


Fiu  42S. 


rected  for  findings  the  shadows  of  Fig.  426,  and  find  thepou 
</and  c :  then  ad  and  d c  will   be  the  shadow  required. 
the  shelf  had  been  parallel  in  width  on  the  plan,  then  the 
line  dc  would  have  been  parallel  with  the  shelf  ab. 


SHADOWS    OK    INCLINED    AND    CURVED    SHELVES. 
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569.— To  Find  Ihc  Miadow  Taat  toj  a  Shelf  Dtirllned  In 

t*  Vertical  Heelloii  elilier  Ipivurd  or  I>o\«-n\vur«l. — From 

{Fi^s.  429  and  430)  draw  a  h  at  the  usual  angle,  nnd  from  b 

raw  be  parallel  with  the  shelf;   obtain  the  point  e  bv  draw- 


Fir..  429. 


"^ 


Fk;.  430, 


|lg  a  line  from  ti  at  the  usual  any:le.     In  Fii^.  429  join  e  and 
^-  then  /rand  cc  will  define  the  shatlow.     In  Fig.  430,  from 
draw  oi  parallel  with  the  shelf;  join  /  and  r;  then  ic  and 
f  will  be  the  shadow  required. 
The  projections  in  these  several  examitles  are  hounded 


Frc.  431. 


Fiu.  432. 


r  straight  line:;;  bin  the  shadows  of  curved  lines  mav  be 
iimd  in  the  same  manner,  by  projecting'  shadows  from  sev- 
ftl  points  in  the  curved  line,  and  tracing-  the  curve  of 
ladow  through  these  points.     {Figs.  431  and  432.) 
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570.— To  Find  the  «iliadow  of  a  ^lielf  taavln^  iU  From 
Edge,  or  Ktid,  Curv<'d  on  ihe  Plan. —  In  /•^Jj^s.  431  antj  43^ 
A  and  A  show  an  example  of  each  kind.  From  several 
points,  as  17.  a,  in  the  plan,  and  from  the  corresponding^  ptwui* 
0,0  in  the  elevation,  draw  ravs  riid  pci-j>endiculars  interst'ci- 


Flu.  433. 

ing  at  c,  c,  etc. ;  through  these    points  of  intersection  trace 
the  curve,  and  it  will  define  the  shadow. 

S7I.— To  Find  llie  Shadow  of  a  Siielf  Curved  in  the  Elr- 
Taflon. — in  //^^  433  find  the  |)oinls  of  inlerscctioD, «.  <  .mJ 


/ 
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e,  as  in  the  last  examples,  and  a  curve  traced  through  ihcm 
will  define  the  shadow. 

The  preceding  examples  show  how  to  find  shadows  wl 
cast  upon  a  vertical  plane  ;  shadows  thrown  upon  curvnd 
/aces  are  ascertainefl  in  a  similar  manner.     {Fig.  434.) 


SHADOW  UPON  AN  INCLINED  WALL. 
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='  -572.— Vo' Find  the  §liadow  Cast  upon  a  Cylindrical 
IWaII  bf  a  Projection  of  any  Kind.  —  By  an  inspection  of 
Pig-  434>  it  will  be  seen  that  the  only  difference  between  this 
smd  the  last  examples  is  that  the  rays  in  the  plan  die  against 
the  circle  ab^  instead  of  a  straight  line. 


Fic.  435. 

573.— To  Find  the  Shadow  Cast  by  a  Sheir  upon  an  In> 
cllned  Wall. — Cast  the  ray  ab  {Fig.  435)  from  the  end  of  the 
shelf  to  the  face  of  the  wall,  and  from  b  draw  b  c  parallel  to 
the  shelf ;  cast  the  ray  de  from  the  end  of  the  shelf ;  then 
the  lines  de  and  ec  will  define  the  shadow. 


Fig.  436. 

These  examples  might  be  multiplied,  but  enough  has 
been  given  to  illustrate  the  general  principle  by  which  shad- 
ows in  all  instances  are  found.  Let  us  attend  now  to  the 
application  of  this  principle  to  such  familiar  objects  as  are 
likely  to  occur  in  practice. 
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574>^T«i  Find  ilic  Slindow  of  a  Projeciing  Horlzoaial 
Benin. —  From  the  points  a,  a,  etc.  {Fig.  436},  cast  rays  upon 
the  wall  ]  the  intersections  r,  c,  c  of  those  rays  with  the  per- 
pendiculars drawn  from  the  plan  will  define  the  shadow.  If 
the  beam  be  inclined,  either  on  the  plan  or  elevation,  at  any 
angle  other  than  a  right  angle*  the  difference  in  the  manner 


Fi*^.  437. 

of  proceeding-  can  be  seen  by  reference  to  the  preceding 
examples  of  inclined  shelves,  etc. 

575. — T«  Find  llie  Sliadow  In  a  Recess. — ^From  the  point 
a  {Fig.  437)  in  the  plan,  arrd  b  in  the  elevation,  draw  the  rays 
AC  and  be;  from  c  erect  the  perpendicular  rr,  and  from  ( 


Fig.  438. 

draw  the  horizontal  line  ^1/;  then  the  lines  rr  and  ed  wlH 
show  the  extent  of  the  shadow.  This  applies  only  where 
the  back  of  the  recess  is  parallel  with  the  face  of  the  wall. 

576.— Tf»  Find  the  »«hudow  In  a  Reccin,  wrficn  the  Fnee 
of  tlie  Wall  U  Inelinedi.  mid  the  Baek  of  llic  Rr<'eM  li 
Vertteal. —  In  Fig.  438,  A  shows  the  section  and  B  the  eleva- 
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tion  of  a  recess  of  this  kind.  From  b,  and  from  any  other 
point  in  the  line  ba,  as  a,  draw  the  rays  be  and  ae ;  from  c, 
tf,  and  e  draw  the  horizontal  lines  eg,  af,  and  e  h ;  from  d 


Fu;.  439. 

and /cast  the  rays  </«  and  fh;  from  /,  through  A,  draw  is; 
then  J  /  and  ig  will  define  the  shadow. 

577. — To  Find  the  Shadow  In  a  Fireplace. — From  a  and 
b  {Fig.  439)  cast  the  rays  a  e  and  b  e,  and  from  c  erect  the 
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Fig.  440. 

perpendicular  ee\  from  e  draw  the  horizontal  line  eo,  and 
join  <7  and  d\  then  tr,  ^<7,  and  od  will  give  the  extent  of  the 
shadow. 


6o6 


SHADOWS. 


578— To  Find  the  Shadow  of  a  Moulded  ^¥lndoW»tl» 
icl. — Cast  rays  from  the  projections  o,  o,  etc.,  in  the  |il.iii 
(/7^.  440),  and  </,  i",  etc.,  in  the  elevation,  and  draw  the  usual 
perpendiculars  intersect! ny;^  the  rays  at  /,  /,  and  /;  these  io' 
tersections  connected,  and  horizontal  lines  drawn  from  tlieni. 
will  define  the  shadow.  The  shadow  on  the  face  of  the  lin- 
tel is  found  by  casting  a  ray  back  from  /  to  s,  and  drawing 
the  horizontal  line  s  ft. 

579. — To  Find  itio  Shadow  Cast  by  the  IVonIng  of  a  nu 

— From  a  (Fi^.  441)  and  its  corresponding  point  t .  cast  M 


^"r 


n 
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Fu;.  441- 

rays  a  h  and  ed,  and  from  b  erect  the  perpendicular  <></;  tan- 
gical  to  the  curve  at  c  cast  the  ray  e J\  and  from  €  drop  the 

prrpcndicular  t'  o,  meeting  the  niilre-line  a  g  in  o\  cast  a  ray 
Irutn  0  la  /,  and  from  /erect  the  perpendicular  //;  from  // 
draw  the  ray  hk\  from  /  to  d  and  from  d  to  A  triace  the    j 
curve  as  shown  in  the  figure  ;  from  I'  and  //  draw  the  h«»ri-    I 
zontal  lines  /•//  antl  //  s;  then  the  limit  of  the  shadow  will  b^j 
completed.  ^M 

580.— To  Find  the  Shadow  Throttn  by  a  Pedc«tHl  upv^ 
6iepM. — From  a  {Fig.  442)  in  the  plan,  and  from  e  in  1 
vation,  draw  the  rays  ab  and  ce\  then  ao  will  show 
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tent  of  the  shadow  on  the  first  riser,  as  at  A  ;  /^  will  deter- 
mine the  shadow  on  the  second  riser,  as  at  i? ;  cd  gives  the 
amount  of  shadow  on  the  first  tread,  as  at  C,  and  // 1  that  on 
the  second  tread,  as  at  Z?;  which  completes  the  shadow  of 

I 

B^he  left-hand  pedestal,  both  on  the  plan  and  clev*ition.  A 
mere  inspection  of  the  fitrure  will  be  sufficient  to  show  how 
the  shadow  of  the  right-hand  pedestal  is  obtained. 


fjrKtiHiimitiJiJiLiip^ ''•i!^i'""n»'"""""j"'1'""['""". 


Fig.  442. 


Fig.  443. 


Fig.  444. 


581.— T«>  Find   the  Sliadour  Tlirown  an  n  Column  b)'  a 
Square  AbaeuM. — From  a  and  6  {Fig.  443)  draw  the  rays  ac 

and  /•<',  anfl   Irom  r  erect  the  perpendicular  <.-(•;  tangical  to 

the  curve  at  d  draw  the  ray  <if,  and  from  //,  corresponding 

Vto/in  the  plan,  draw  the  ray  /io\  take  any  point  between  a 

and/,  as  ;',  and  from  this,  as  also  from  a  corresponding  point 


4 


582. — To  Find  the  Shadow  Thrown  on  n  Column 
Circular  Abacun. — This  is  so  nearly  like  the  last  cxam[ 
that  no  explanation  will  be  necessary,  farther  than  a  rcfc^ 
ence  to  the  preceding  article. 
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583. ^To  Find  the  Shadows  on  the  Capital  of  a  Columu. 

— This  iiiav  be  dune  accGrrlin|^  to  the  principles  explained 
in  the  examples  already  given  ;  a  quicker  way  u{  doing  it, 
however,  is  as  follows  :  if  we  take  into  consideration  one 
ray  of  light  in  connection  with  all  those  perpendicularly 
under  and  over  it,  it  is  evident  that  these  several  rays  would 
form  a  vertical  plane,  standing  at  an  angle  of  45  degrees 
with  the  face  of  the  elevation.  Now  we  may  suppose  the 
column  to  be  sliced,  so  to  speak,  with  planes  of  this  nature — 
cutting  it  in  the  lines  a  b,  c  d,  etc.  {fig.  445),  ainl,  in  the  ele- 
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Fig.  446. 
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vatiout  find  by  squaring  up  from  the  plan,  the  lines  0/ section 
which  these  planes  would  make  thereupon.  For  instance : 
in  finding  upon  the  elevation  the  line  of  section  ah,  the  plane 
cuts  the  ovolo  at  i\  and  therefore  /will  be  the  correspond- 
ing point  upon  the  elevation  ;  //  corresponds  with  g,  i  withy, 
0  with  s,  and  /  with  b.  Now,  to  find  (he  shadows  upon  this 
line  of  section,  cast  from  m  the  ray  mn,  from  h  the  ray  ho, 
etc. ;  then  that  part  of  the  section  indicated  by  the  letters 
;«//■«,  and  that  part  also  between  /*  and  o  will  be  under 
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584.— To  Find   the  Miailoiv  Tlirown  on  n  VertlrnI  Wnll 
b}'  a  Column  and  KiitKblittnri'^  ^Inncling  In  Advaiiee  or  «ald 

Wall, — Cast  rays  from  a  and  b  {I'ig.  447).  and  rtnd  the  point 
c  as  in  the  previous  examples  ;  from  tf  draw  the  ray  dc,  and 
from  e  the  horizontal  line  ej;  tangical  to  the  curve  at ^ and 
h  draw  the  rays  gj  and  h  i,  and  from  /  and  j  erect  the  per- 
pend iciilars  /Vandy^*;  from  ;//  and  w  tlraw  the  rays  m/  and 
«/(■,  and  trace  the  curve  between  /'and/;  cast  a  ray  from  t;  to 
/>.  a  vertical  line  from  /to  s,  and  through  s  draw  the  lurrizun- 
tai  line  s/  ;  the  shadow  as  required  will  then  be  completed. 


Fig.  448  is  an  example  of  the  same  kind  as  the  last,  with 
all  the  shadows  filled  in,  according  to  the  lines  obtained  in 
the  preceding  figure. 

585.     ^liadowK  on  a  rornice. — Figs.  449  and  450  are 

exam[>les  of  the  Tuscan  cornice.     The  manner  t)f  obtalning^ 
the  shadows  is  evident. 

586. — Reflected  l.lKlit. —  In  shadino^.  the  finish  and  life  of 
an  object  depend  much  on  reflected  light.  This  is  seen  to 
advantage  in  Fig.  446,  and  on  the  column  in  Fig.  448.     Re- 
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GLOSSARY. 


nst/ntmd  ktrt  can  h»  found  in  tk*  list*  o/dtfinitient  in  otJUr^rit  tftkit  book,  «r  in 
■  t«mmi0n  dictionarits. 


Abacus. — ^The  uppermost  member  of  a  capital. 

Abattoir. — A  slaughter-house. 

Abbey. — ^The  residence  of  an  abbot  or  abbess. 
.  Abutment. — ^That  part  of  a  pier  from  which  the  arch  springs. 

Aeanthus. — A  plant  called  in  English  beat' s-breech.  Its  leaves  are  employed 
for  decorating  the  Corinthian  and  the  Composite  capitals. 

Acropolis. — The  highest  part  of  a  city  ;  generally  the  citadel. 

Acroteria. — The  small  pedestals  placed  on  the  extremities  and  apex  of  a 
pediment,  originally  intended  as  a  base  for  sculpture. 

Atsie. — Passage  to  and  from  the  pews  of  a  church.  In  Gothic  architecture, 
tlie>lean>to  wings  on  the  sides  of  the  nave. 

Alcove. — Part  of  a  chamber  separated  by  an  estrade,  or  paitition  of  columns. 
Recess  with  seats,  etc.,  in  gardens. 

AUar. — A  pedestal  whereon  sacrifice  was  offered.  In  modern  churches,  the 
area  within  the  railing  in  front  of  the  pulpit. 

Alto-relievo. — High  relief ;  sculpture  projecting  from  a  surface  so  as  to  appear 
nearly  isolated. 

'  Amphitheatre. — A  double  theatre,  employed  by  the  ancients  for  the  exhibi- 
tion of  gladiatorial  fights  and  other  shows. 

Aneones. — Trusses  employed  as  an  apparent  support  to  a  cornice  upon  the 
flanks  of  the  architrave. 

Annulet. — A  small  square  moulding  used  to  separate  others  ;  the  fillets  in 
the  Doric  capital  under  the  ovolo,  and  those  which  separate  the  flutings  of  col- 
umns, are  known  by  this  term. 

Antm. — A  pilaster  attached  to  a  wall. 

Apiary.— K  place  for  keeping  beehives. 

Arabesque. — A  building  after  the  Arabian  style. 

Areostyle. — An  intercolumniation  of  from  four  to  five  diameters. 

Arcade. — A  series  of  arches. 

Arch. — An  arrangement  of  stones  or  other  material  in  a  curvilinear  form,  so 
as  to  perform  the  office  of  a  lintel  and  carry  superincumbent  weights. 

Architrave. — That  part  of  the  entablature  which  rests  upon  the  capital  of  a 
column,  and  is  beneath  the  frieze.  The  casing  and  mouldings  about  a  door  or 
window. 

Archivolt. — The  ceiling  of  a  vault ;  the  under  surface  of  an  arch. 

Area. — Superficial  measurement.  An  open  space,  below  the  level  of  the 
ground,  in  front  of  basement  windows. 
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ArstnaL — A  public  establishment  for  the  deposition  of  arms  and  watlO 
stores. 

Astragal, — A  small  moulding  consisting  of  a  half-round  with  a  fillet  on  ad 
side. 

Atfif. — A  low  story  erected  over  an  order  of  architecture.    A  low  additioiul 
story  inunedialely  under  the  roof  of  a  building. 

Aviary. — A  place  for  keeping  and  breeding  birds. 

Balcony.— A.n  open  gallery  projecting  from  the  front  of  a  building. 

BalttsUr.—K  small  pillar  or  pilaster  supporting  a  raiL 

Balustrade. — A  series  of  balusters  connected  by  a  rail. 

Barge-(0urse. — That  part  of  the  covering  which  projects  over  the  gable  oft 
building. 

Base. — The  lowest  part  of  a  wall,  coluinn,  etc. 

Basement-story. — Th.iii  which  is  immediately  under  the  principal  story,  ud 
included  %viihin  the  foundation  of  the  building. 

Basso-relievo.—  Low  relief ;  scul  ptured   figures  projecting  from  a  surfaM  CM 
half  their  thickness  or  less.     See  AUo'Tclievo, 

Battering, — See  7'alu^. 

Battlement. — Indentations  on  the  top  of  a  wall  or  parapet. 

Bay-windfl7v. — A  window  projecting  in  two  or  more  planes,  and  not  Cmi* 
ing  the  segment  of  a  circle. 

Bazaar, — A  species  of  mart  or  exchange  for  the  sale  of  various  atticlet  ol 
merchandise. 

Bead. — A  circular  moulding. 

Bed^mouldin^s, — Those  mouldings  which  are  between  the  corona  and  tl» 
frieze. 

Belfry. — That  part  of  the  steeple  in  which  the  bells  are  hnng ;  ancieolljr 
called  campanile. 

Belvedere, — An  ornamental  turret  or  observatory  commanding  a  plea 
prospect. 

Bow-window. — A  window  projecting  in  cur^'ed  lines. 

Bressummer, — A  beam  or  iron  tie  supporting  a  wall  over  agatewayor  other 
opening. 

liriek-nogging. — The  brickwork  between  studs  of  partitions. 

Buttress. — A  projection  from  a  wall  to  give  additional  strength. 

Cable. — A  cylindrical  moulding  placed  in  flutes  at  the  lower  part  of  i 
umiL, 

Camber, — To  give  a  convexity  to  the  upper  surface  of  a  beam. 

Campanile. — A  tower  for  the  reception  of  bells,  usually,  in  Italy, 
from  the  church. 

Canopy. — An  ornamental  covering  over  a  scat  of  state. 

Cantalivers, — The  ends  of  rafters  under  a  projecting  roof.     Piece*  df  ^ 
or  stone  supporting  the  eaves. 

Capital. — The  uppermost  part  of  a  column  included  between  the  shafk  and 
the  architrave. 

CaravaHsera.—\n  the  East,  a  large  public  building  for  the  reception  of  Irav* 
ellers  by  caravans  in  the  desert. 
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CurpeM/ry.— (From  the  Latin  carpentum,  carved  wood.)  That  department 
of  science  and  art  which  treats  of  the  disposition,  the  construction,  and  the 
relative  strength  of  timber.  The  first  is  called  descriptive,  the  second  con- 
structive, and  the  last  mechanical  carpentr}'. 

Caryatides. — Figures  of  women  used  instead  of  columns  to  support  an 
entablature. 

Casino. — A  small  country-house. 

Castellated. — Built  with  battlements  and  turrets  in  imitation  of  ancient 
castles. 

Castle. — A  building  fortified  for  military  defence,  A  house  with  towers, 
usually  encompassed  with  walls  and  moats,  and  having  a  donjon,  or  keep,  in 
the  centre. 

Catacombs. — Subterraneous  places  for  burying  the  dead. 

Cathedral. — The  principal  church  of  a  province  or  diocese,  wherein  the 
throne  of  the  archbishop  or  bishop  is  placed. 

Cavetto. — A  concave  moulding  comprising  the  quadrant  of  a  circle. 

Cemetery. — An  edifice  or  area  where  the  dead  are  interred. 

Cenotaph. — A  monument  erected  to  the  memor}'  of  a  person  buried  in 
another  place. 

Centring. — The  temporary  woodwork,  or  framing,  whereon  any  vaulted 
work  is  constructed. 

Cesspool. — A  well  under  a  drain  or  pavement  to  receive  the  waste  water  and 
sediment. 

Chamfer, — The  bevelled  edge  of  anything  originally  right  angled. 

Chancel. — That  part  of  a  Gothic  church  in  which  (he  altar  is  placed. 

C/iantry. — A  little  chapel  in  ancient  churches,  with  an  endowment  for  one 
or  more  priests  to  say  mass  for  the  relief  of  souls  out  of  purgatory. 

Chapel. — A  building  for  religious  worship,  erected  separately  from  a  church, 
and  served  by  a  chaplain. 

Chaplet. — A  moulding  carved  into  beads,  olives,  etc. 

Cincture. — The  ring,  listel,  or  fillet,  at  the  top  and  bottom  of  a  column, 
which  divides  the  shaft  of  the  column  from  its  capital  and  base. 

Circus. — A  straight,  long,  narrow  building  used  by  the  Romans  for  the  ex- 
hibition of  public  spectacles  and  chariot  races.  At  the  present  day,  a  building 
enclosing  an  arena  for  the  exhibition  of  feats  of  horsemanship. 

Clerestory. — The  upper  part  of  the  nave  of  a  church  above  the  roofs  of  the 
aisles. 

Cloister. — ^The  square  space  attached  to  a  regular  monastery  or  large  church, 
having  a  perist\'le  or  ambulatory  around  it,  covered  with  a  range  of  buildings. 

Coffer-dam. — A  case  of  piling,  water-tight,  fixed  in  the  bed  of  a  river,  for  the 
purpose  of  excluding  the  water  while  any  work,  such  as  a  wharf,  wall,  or  the 
pier  of  a  bridge,  is  carried  up. 

Collar-beam. — A  horizontal  beam  framed  between  two  principal  rafters  above 
the  tie-beam.  • 

Colonnade. — A  range  of  columns. 

Columbarium. — A  pigeon-house. 

Column. — A  vertical  cylindrical  support  under  the  entablature  of  an  order. 

Common-rafters. — The  same  as  jack-rafters,  which  see. 
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Conduit. — A  long,  narrow,  wnllcd  passage  underground,  lor  secret  com- 
munication  belwccn  different  apartments.  A  canal  or  pipe  for  ttie  conveyantt 
of  water. 

Consenatory. — A  building  for  preserving  curious  and  rare  exotic  plints. 

Consoles. — The  same  as  ancanfs.  which  see. 

C?ntQW . — The  cxicrnal  lines  which  bound  and  terminate  a  figure. 

Ccnvent. — A  building  for  the  reception  of  a  society  of  religious  persons. 

Coping. — Stones  laid  on  the  top  of  a  wall  to  defend  it  from  the  weather. 

Ccrlifis. — Stones  or  timbers  fixed  in  a  wall  to  sustain  the  timLiers  of  a  da 
or  roof. 

Cornice. — Any  moulded   projection  which   crowns  or  finishes  the  part 
which  it  is  afTixed. 

Corona. — That  part  of  a  cornice  which  is  between  the  crown- matildiagi 
the  bed-mouldings. 

Contucopii^. — The  horn  of  plenty. 

Corridor. — An  open  gallery  or  communicatioQ  to  the  different  apartmenlsoT 
a  house. 

Covf. — A  concave  moulding. 

CrippU-rafUn. — The  short  rafters  which  arc  spiked  to  the  hip.raftef  of  j 
roof. 

Crockets. — Fn  Gothic  architecture,  the  ornaments  placed  along  the  angles) 
pediments,  pinnacles,  etc. 

Croseltes. — The  same  Tt^amcnes^  which  see. 

Crypt. — The  under  or  hidden  part  of  a  building. 

Culvert. —  An  arched  channel  of  masonry  or  brickwork,  built  beneath  the 
bed  of  a  canal   for  the  purpose  of  conducting  water  under   it.     Any  arche 
channel  for  water  underground. 

Cupoh — A  small  building  on  the  top  of  a  dome. 

Curtailsttp. — A  Step  with  a  spiral  end.  usually  the  first  of  tbe  flight. 

Cusps. — The  pendants  of  a  pointed  arch. 

Cyma. — An  ogee.  There  arc  two  kinds  ;  the  cyma-rrcta.,  baving  the  opp^r 
part  concave  and  the  lower  convex,  and  the  cyma-rtvtrsa,  with  the  upper  part 
convex  and  the  lower  concave. 

Dado. — ^The  die,  or  part  between  the  base  and  cornice  of  a  pedesiaJ.         ^k 

Dairy.— kn  apartment  or  building  for  the  preservation  of  milk,  and  the 
manufacture  of  it  into  butter,  cheese,  etc. 

DeaJskoar. — A  piece  of  timber  or  stone  stood  vertically  in  bricktvork,  lo 
support  a  supcrincumbciu  weight  until  the  brickwork  which  is  to  carry  1^ 
has  set  or  become  hard. 

Det-asty/f.—^A.  building  having  ten  columns  In  front. 

Dentils. — (t*rom  the  Latin,  dentes,  teeth.)  Small  rectangular  blocks  used  In 
the  bed-mouldings  of  some  of  the  orders. 

Diastylr. — An  inlercolumniation  of  three,  or,  as  some  say,  four  diameter 

Die. — That  part  of  a  pedestal  included  between  the  baseaod  the  cornice 
is  also  callrd  a  dodo. 

Dot/ecastyie. — A  building  having  twelve  columns  in  front. 

Donjon. — A  niassive  tower  within  ancient  caailos,  to  which  the  ganiaoa 
might  retreat  in  case  of  necessity. 
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.£>0«4t».— A  Scotch  name  giren  to  wooden  bricks?. 

Dormer, — A  window  placed  on  the  roof  of  a  house,  the  frame  being  placed 
vertically  on  the  rafters. 

Dormitory. — A  sleeping-room. 

Dovecott. — A  building  for  keeping  tame  pigeons.    A  columbarium. 

.ArAiitMf.— 'The  Grecian  ovolo. 

EUvatioH, — A  geometrical,  projection  drawn  on  a  plane  at  right  angles  to 
the  horizon. 

£fUablaturt. — That  part  of  an  order  which  is  supported  by  the  columns ; 
consisting  of  the  architrave,  frieze,  and  cornice. 

Eustyle. — An  intercolumniation  of  two  and  a  quarter  diameters. 

Exchange. — A  building  in  which  merchants  and  brokers  meet  to  transact 
business. 

Extraics.r-DcM  exterior  curve  of  an  arch. 

Facade. — The  principal  front  of  any  building. 

Face-mould. — The  pattern  for  marking  the  plank  out  of  which  hand*railing 
is  to  be  cut  for  stairs,  etc. 

Facia,  or  Fascia. — A  flat  member,  like  a  band  or  broad  fillet. 

Falling-mould. — The  mould  applied  to  the  convex,  vertical  surface  of  the 
fail-piece,  in  order  to  form  the  back  and  under  surface  of  the  rail,  and  finish 
the  squaring. 

Festoon. — An  ornament  representing  a  wreath  of  flowers  and  leaves. 

Fillet. — A  narrow  flat  band,  listel,  or  annulet,  used  for  the  separation  of 
one  moulding  from  another,  and  to  give  breadth  and  firmness  to  the  edges  of 
mouldings. 

Flutes. — Upright  channels  on  the  shafts  of  columns. 

Flyers. — Steps  in  a  flight  ol  stairs  that  are  parallel  to  each  other. 

Forum. — In  ancient  architecture  a  public  market ;  also,  a  place  where  the 
common  courts  were  held  and  law  pleadings  carried  on. 

Foundry. — A  building  in  which  various  metals  are  cast  into  moulds  or 
shapes. 

Ftiexe. — ^That  part  of  an  entablature  included  between  the  architrave  and 
the  cornice. 

Cable.— ^l\i^  vertical,  triangular  piece  of  wall  at  the  end  of  a  roof,  from  the 
level  of  the  eaves  to  the  summit. 

Cain. — A  recess  made  to  receive  a  tenon  or  tusk. 

Calleiy. — A  common  passage  to  several  rooms  in  an  upper  story.  A  long 
room  for  the  reception  of  pictures.  A  platform  raised  on  columns,  pilasters, 
or  piers. 

Cirder. — The  principal  beam  in  a  floor,  for  supporting  the  binding  and 
other  joists,  whereby  the  bearing  or  length  is  lessened. 

Glyph, — A  vertical,  sunken  channel.  From  their  number,  those  in  the 
Doric  order  are  called  triglyphs. 

Cranary. — A  building  for  storing  grain,  especially  that  intended  to  be 
kept  for  a  considerable  time. 
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Gmin. — The  line  formed  by  the  intersection  of  two  arches,  which  cross  cack 
other  at  any  angle, 

Guttii. — The  small  cylindrical   pendent  ornaments,  otherwise  called  , 
used  in  the  Doric  order  under  the  triglyphs,  and  also  pendent  from  the  u    . 
of  the  cornice. 

Gyinttaiiuni. — Originally,  a  place  measured  out  and  covered  with  sand  for 
the  exercise  of  atliletic  gajnes  ;  afterward,  spacious  buildings  devoted  to  tbe 
mental  as  well  as  corporeal  instruction  of  youth. 

Hall. — The  first  large  aparinient  on  entering  a  house.  The  public  room  of 
a  corporate  body.     A  manor-house. 

Ham. — A  house  or  dwelling-place.  A  street  or  village:  hence  Nolting 
ham,  BuckingAdw/,  etc.  Hamkt^  the  diminutive  of  ham,  is  a  small  street  or 
village. 

/(V//.r,— The  small  volute,  or  twist,  under  the  abacus  in  the  Coriothiift; 
capital. 

Hem. — The  projecting  spiral  fillet  of  the  Ionic  capital. 

HtxastyU. — A  building  having  six  columns  in  front. 

Hip-mfur. — A  piece  of  timber  placed  at  the  angle  made  by  two  adjacent 
inclined  roofs. 

Hftmestali. — A  mansion-housc,  or  seat  in  the  country. 

Hotel,  or  Hoilel. — A  large  inn  or  place  of  public  entertainment  A  Urg« 
house  or  palace. 

Hot-house. — A  glass  building  used  in  gardening. 

Hotel. — An  open  shed. 

Hut. — A  small  cottage  or  hovel,  generally  constructed  of  earthy  maieriitlt, 
as  strong  loamy  clay,  etc 
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Impost. — Tlie  capital  of  a  pier  or  pilaster  which  supports  an  arch. 
Intaglio. — Sculpture  in  which  the  subject  is  hollowed  out,  so  that  the 
pression  from  it  presents  the  appearance  of  a  bas-relief. 
Inlercolutnniation. — The  distance  between  two  columns. 
Intrados. — The  interior  and  lower  curve  of  an  arch. 


Jack.raften. — Rafters  that  fitl  in  between  the  principal  rafters  of 
called  also  common-rafters. 

Jail. — S.  place  of  legal  confinement. 

Jambs. — ^Thc  vertical  sides  of  an  aperture. 

Joggle-piece. — A  post  to  receive  struts. 

Joists. — The  limbers  to  which  the  boards  of  a  floor  or  the  laths  of  a  ceiling 
arc  nailed. 


J 


Keep. — The  same  as  Joitjon,  which  see. 
Key-stoHt. — The  highest  central  stone  of  an  arch. 
Kibt. — A  building  for  the  accumulation  and  retention  of  heat.  In  order  to 
dry  or  burn  certain  materials  deposited  within  il. 
King-post. — The  centre-post  in  a  trussed  roof. 
Kme. — A  convex  bend  in  the  back  of  a  hand-rail.     Sec  Ramp. 
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Zaetarium. — ^The  same  as  dairy,  which  see. 

Lantern. — A  cupola  having  windows  in  the  sides  for  lighting  an  apartment 
beneath. 

Larmier. — The  same  as  corona,  which  see. 

Lattice. — A  reticulated  window  for  the  admission  of  air,  rather  than  light, 
as  in  dairies  and  cellars. 

Lever-boards. — Blind-slats ;  a  set  of  boards  so  fastened  that  they  may  be 
'turned  at  any  angle  to  admit  more  or  less  light,  or  to  lap  upon  each  other  so 
as  to  exclude  all  air  or  light  through  apertures. 

Lintel. — A  piece  of  timber  or  stone  placed  horizontally  over  a  door,  win- 
dow, or  other  opening. 

Listel. — The  same  z&  fillet,  which  see. 

Lobby.-rhn  enclosed  space,  or  passage,  communicating  with  the  principal 
room  or  rooms  of  a  house. 

Lodge. — A  small  house  near  and  subordinate  to  the  mansion.  A  cottage 
placed  at  the  pite  of  the  road  leading  to  a  mansion. 

Loop.— A  small  narrow  window.  Loophole  is  a  term  applied  to  the  vertical 
series  of  doors  in  a  warehouse,  through  which  goods  are  delivered  by  means 
of  a  crane. 

Luffer-boarding. — The  same  as  lever-boards,  which  see. 

Luthetn. — The  same  as  dormer,  which  see. 

Mausoleum. — A  sepulchral  building — so  called  from  a  very  celebrated  one 
erected  to  the  memory  of  Mausolus,  king  of  Caria,  by  his  wife  Artemisia. 

Metopa. — ^The  square  space  in  the  frieze  between  the  triglyphs  of  the  Doric 
order. 

Mextanine, — A  story  of  small  height  introduced  between  two  of  greater 
height. 

Minaret. — A  slender,  lofty  turret  having  projecting  balconies,  common  in 
Mohammedan  countries. 

Minster. — A  church  to  which  an  ecclesiastical  fraternity  has  been  or  is 
attached. 

Moat. — An  excavated  reservoir  of  water,  surrounding  a  house,  castle,  or 
town. 

ModilHon. — A  projection  under  the  corona  of  the  richer  orders,  resembling 
a  bracket.  " 

Module. — The  semi-diameter  of  a  column,  used  by  the  architect  as  a  meas- 
ure by  which  to  proportion  the  parts  of  an  order. 

Moncutery. — A  building  or  buildings  appropriated  to  the  reception  of 
monks. 

Monopteron. — A  circular  colonnade  supporting  a  dome  without  an  enclos- 
ing wall. 

Mosaic. — A  mode  of  representing  objects  by  the  inlaying  of  small  cubes  of 
glass,  stone,  marble,  shells,  etc. 

Mosque. — A  Mohammedan  temple  or  place  of  worship. 

Mullions. — The  upright  posts  or  bars  which  divide  the  lights  in  a  Gothic 
window. 

Muniment-bouse. — A  strong,  fire-proof  apartment  for  the  keeping  and  pres- 
ervation of  evidences,  charters,  seals,  etc.,  called  muniments. 


Nm>e. — The  main  body  of  a  Gothic  church. 
Newel. — A  post  ai  the  starling  or  landing  of  a  flight  of  stairs. 
Niche. — A  cavity  or  hollow  place  in  a  wall  for  the  reception  of  a 
vase,  etc. 

Nogs. — Wooden  bricks. 

Noiin^'. — The  rounded  and  projecting  edge  of  a  step  in  itairs. 

Nunnery. — A  building  or  buildings  appropriated  for  the  reception  of  nuns. 


Obelisk. — A  lofty  pillar  of  a  rectangular  form. 

Octastyle. — S.  building  with  eight  columns  in  front. 

Odeum. — Among  the  Greeks,  a  species  of  theatre  wherein  the  poets  and 
musicians  rehearsed  their  compositions  previous  to  the  public  produclioa 
them. 

Ogee. — See  cyma. 

Orangery. — A  gallery  or  building  in   a   garden    or   parterre  fronting  the 
south. 

Oriel'ioinJow. — A  large  bay  or  recessed  window  in  a  hall,  chapel,  or 
apartment. 

Ovoh. — A  convex  projecting  moulding  whose  profile  is  the  quadrant  of 
circle. 


t 


Pagoda, — A  temple  or  place  of  worship  in  India. 
I    Palisade, — A  fence  of  pales  or  slakes  driven  into  the  ground. 

Parapet. — A  small  wall    of  any  materia!    for   protection    on    the   sides 
bridges,  quays,  or  high  buildings. 

Pavilion. — A  turret  or  small   building  generally  insulated  and  compril 
under  a  single  roof. 

Pedestal. — A  square  foundation  used  to  elevate  and  sustain  a  coftRRl 
statue,  etc. 

Pediment. — The  triangular  crowning  part  of  \  portico  or  aperture  whid) 
terminates  vertically  the  sloping  parts  of  the  roof ;  this,  in  Gothic  archtteciure, 
is  called  3. gable. 

Penitentiary. — A  prison  for  the  confinement  of  criminals  whose  crimes  are 
not  of  a  very  heinous  nature. 

Piatsa. — A  square,  open  space  surrounded  by  buildings.     This  leriD 
often  improperly  used  to  denote  ix  portico. 

Pier. — A  rectangular  pillar  without  any  regular  base  or  capital.  The  tt| 
right,  narrow  portions  of  walls  between  doors  and  windows  are  known  by  tkl 
term. 

Pilaster. — A  square  pillar,  sometimes  insulated,  but  more  comraoiUy  en«J 
gaged  in  a  ivall,  and  projecting  only  a  part  of  its  thickness. 

Piles. — Large  timbers  driven  into  the  ground  tu  make  a  secure  foundalt 
in  marshy  places,  or  in  the  bed  of  a  river. 
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Pittaf. — A  column  of  irregular  form,  always  disengaged,  and  always  deviat- 
ing from  the  proportions  of  the  orders ;  whence  the  distinction  between  a 
pillar  and  a  column. 

Pinnacle. — A  small  spire  used  to  ornament  Gothic  buildings. 

Planceer. — The  same  as  soffit,  which  see. 

Plinth. — The  lower  square  member  of  the  base  of  a  column,  pedestal,  or 
wall. 

Porch. — An  exterior  appendage  to  a  building,  forming  a  covered  approach 
to  one  of  its  principal  doorways. 

Portal. — The  arch  over  a  door  or  gate  ;  the  framework  of  the  gate  ;  the 
lesser  gate,  when  there  are  two  of  different  dimensions  at  one  entrance. 

Portcullis. — A  strong  timber  gate  to  old  castles,  made  to  slide  up  and 
down  vertically. 

Portico. — A  colonnade  supporting  a  shelter  over  a  walk,  or  ambulatory. 

Priory. — A  building  similar  in  its  constitution  to  a  monastery  or  abbey, 
the  head  whereof  was  called  a  prior  or  prioress. 

Prism. — A  solid  bounded  on  the  sides  by  parallelograms,  and  on  the  ends 
by  polygonal  figures  in  parallel  planes. 

Prostyle. — A  building  with  columns  in  front  only. 

Purlines. — Those  pieces  of  timber  which  lie  under  and  at  right  angles  to 
the  rafters  to  prevent  them  from  sinking. 

Pycnostyle. — An  intercolumniation  of  one  and  a  half  diameters. 

Pyramid. — A  solid  body  standing  on  a  square,  triangle,  or  polygonal  basis 
and  terminating  in  a  point  at  the  top. 

Quarry. — A  place  whence  stones  and  slates  are  procured. 
Qmo)'.— (Pronounced  key.^    A  bank  formed  towards  the  sea  or  on  the  side 
of  a  river  for  free  passage,  or  for  the  purpose  of  unloading  merchandise. 
Quoin. — An  external  angle.     See  Rustic  quoins. 

Rabbet,  or  Rebate. — A  groove  or  channel  in  the  edge^of  a  board. 

Ramp. — A  concave  bend  in  the  back  of  a  hand-rail. 

Rampant  arch. — One  having  abutments  of  different  heights. 

Regula. — The  band  below  the  taenia  in  the  Doric  order. 

Riser. — In  stairs,  the  vertical  board  forming  the  front  of  a  step. 

Rostrum. — An  elevated  platform  from  which  a  speaker  addresses  an  audi* 
ence. 

Rotunda. — A  circular  building. 

Rubble-wall. — A  wall  built  of  unhewn  stone. 

Rudenture. — The  same  as  cable,  which  see. 

Rustic  quoins. — The  stones  placed  on  the  external  angle  of  a  building,  pro- 
jecting beyond  the  face  of  the  wall,  and  having  their  edges  bevelled. 

Rustic-work. — A  mode  of  building  masonry  wherein  the  faces  of  the  stones 
are  left  rough,  the  sides  only  being  wrought  smooth  where  the  union  of  the 
stones  takes  place. 

Salon,  or  Saloon.— S.  lofty  and  spacious  apartment  comprehending  the 
height  of  two  stories  with  two  tiers  of  windows. 
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Sarcophagus. — A  tomb  or  coffin  made  of  one  stone, 

Scantting. — The  measure  to  which  a  piece  of  timber   is  to  be  ot  has  beta 
cut. 

Scarfing. — The  joining  of  two  pieces  of  timber  by  bolting  or  nailing  tniM* 
versely  together,  so  that  the  two  appear  but  one. 

Scotia, — The  hollow  moulding  in  the  base  of  a  column,  between  the  fiUeu 
of  the  tori. 

Scroll, — A  carved  curvilinear  ornament,  somewhat  resembling  in  pro61e 
the  turnings  of  a  ram's  horn. 

Sepulchre. — A  grave,  tomb,  or  place  of  inierment. 

Sewer. — A  drain  or  conduit  for  carrying  alTsoil  or  water  from  any  place. 

Shaft, — The  cylindrical  part  between  the  base  and  the  capital  of  a  column. 

Shear. — A  piece  of  timber  placed   in  an  oblique  direction  to  support  t 
building  or  wall. 

Sill. — The  horiiontal  piece  of  tinnber  at  the  bottom  of  framing  ;  the  timber 
or  stone  at  the  bottom  of  doors  and  windows. 

So_ffit. — The   underside  of  an  architrave,  corona,  etc.     The  underside 
the  heads  of  doors,  windows,  etc. 

Summer. — The  lintel  of  a  door  or  window  ;  a  beam  tenoned  into  a  girder 
to  support  the  ends  of  joists  on  both  sides  of  it. 

Syttyle.^^hn  intercolumniaiion  of  two  diameters. 


Tttttia, — The  fillet  which  separates  the  Doric  frieze  from  the  architrave. 

7a/wi,— The  slope  or  inclination  of  a  wall,  among  workmen  called 
tering. 

Terrace. — An  area  raised  before  a  building,  above  the  level  of  the  ground, 
to  serve  as  a  wallc. 

TesselateJ  pavement. — A  curious  pavement  of  mosaic  woric,  composed  of 
small  square  stones. 

Tetrastyle. — A  building  having  four  columns  in  front. 

Thatch. — A  covering  o!    straw  or    reeds    used    on    the   roofs  of  cottages, 
bams,  etc. 

Theatre. — A   building  appropriated    to    the    representation    of   dramatic 
spectacles. 

Tile. — A  thin  piece  or  plate  of  baked  clay  or  other  materia!  used  for 
external  covering  of  a  roof. 

Tomb. — A  grave,  or  place  for  the  interment  of  a  human  body,  incltldi 
also  any  commemorative  monument  raised  over  such  a  place. 

Torus. — A  moulding  of  semi-circular  profile    used    in  the    bases  of  col 
umns. 

Tower. — A  lofty  building  of  several  stories,  round  or  polygonal. 

Transept. — The  transverse  portion  of  a  cruciform  church. 

Transom. — The  h^am  across  a   double-lighted  window;    If  the  triadi 
have  no  transom,  it  is  called  a  clerestory  window. 

Thread. — That  part  of  a  step  which  is  included  between  the  (iace  of  its  ri 
xnd  that  of  the  riser  above. 

Trellis. — A  reticulated  framing  made  of  thin  bars  of  wood  for  screens,  win' 
dows,  etc. 
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Ttiglyp/t. — The  vertical  tablets  in  the  Doric  frieze,  chamfered  on  the  two 
vertical  edges,  and  having  two  channels  in  the  middle. 

Tripod. — A  table  or  seat  with  three  legs. 

Trochilus. — The  same  as  scotia,  which  see. 

Truss. — An  arrangement  of  timbers  for  increasing  the  resistance  to  cross- 
strains,  consisting  of  a  tie,  two  struts,  and  a  suspending-piece. 

Turret. — A  small  tower,  often  crowning  the  angie  of  a  wall,  etc. 

Tusk. — A  short  projection  under  a  tenon  to  increase  its  strength. 

Tympanum. — ^The  naked  face  of  a  pediment,  included  between  the  level  and 
the  raking  mouldings. 

Underpinning. — ^The  wall  under  the  ground-sills  of  a  building. 
University:— Pin  assemblage  of  colleges  under  the  supervision  of  a  senate,  etc. 

Vault. — A  concave  arched  ceiling  resting  upon  two  opposite  parallel  walls. 

yenetian-door. — A  door  having  side-lights. 

Venetian-window. — A  window  having  three  separate  apertures. 

Veranda. — An  awning.  An  open  portico  under  the  extended  roof  of  a 
building. 

Vestibule. — An  apartment  which  serves  as  a  medium  of  communication  to 
another  room  or  series  of  rooms. 

Vestry. — An  apartment  in  a  church,  or  attached  to  it,  for  the  preservation 
of  the  sacred  vestments  and  utensils. 

Villa. — A  country-house  for  the  residence  of  an  opulent  person. 
I        Vinery. — A  house  for  the  cultivation  of  vines. 

Volute. — A  spiral  scroll,  which  forms  the  principal  feature  of  the  Ionic  and 
the  Composite  capitals. 

Voussoirs.  — Arch-stones. 

Wainscoting. — Wooden  lining  of  walls,  generally  in  panels. 

Water-table. — The  stone  covering  to  the  projecting  foundation  or  other  walls 
of  a  building. 

Well. — The  space  occupied  by  a  flight  of  stairs.  The  space  left  beyond  the 
ends  of  the  steps  is  called  the  well-hole. 

Wicket. — A  small  door  made  in  a  gate. 

Winders. — In  stairs,  steps  not  parallel  to  each  other. 

Zopkorus. — The  same  zs  frieze,  which  see. 

Zystos. — Among  the  ancients,  a  portico  of  unusual  length,  commonly  appro* 
priated  to  gymnastic  exercises. 
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The  following  rules  are  for  finding  the  squares,  cubes,  and  roois  of  num- 
bers exceeding  looo, 

TV  find  the  iquarf  of  nny  number  divisiblt  without  a  remainder.  Rule. — Di- 
vide the  ((iven  number  by  sucli  a  number  from  the  foregoing  table  as  will 
divide  it  without  a  remainder  ;  then  the  square  of  (he  quotient,  multiplied  by 
the  square  of  the  number  found  in  the  table,  will  give  the  answer. 

Example. — What  is  the  square  of  2000?  aooo,  divided  by  1000.  a  number 
found  in  the  table,  gives  a  quotient  of  2,  the  square  of  %vhich  is  4,  and  the 
squ.irc  of  looo  is  1, 000,000.  therefore  : 

4  X  i.ooo.QOO  =  4,000,000;  the  Aos. 

Another  Example. — What   is  the  square  of  1230?     1230,  being  divided  by 

123.  the  quotient  will  be  10,  the  square  of  which  is  100.  and  the  square  of  123 

is  15,129.  therefore  ; 

100  X  15,139  =  1,512,900:  the  Ans. 

To  find  the  square  of  any  number  not  diviiible  without  a  remainder.  Rule.^ 
Add  together  the  squares  of  such  two  adjoining  ntimbers  from  tJic  table  as 
shall  together  equal  the  given  number,  and  multiply  the  sum  by  2  ;  then  this 
product,  less  1,  will  be  the  answer. 

Example. — What  is  the  square  of  1487  ?  The  adjoining  numbers,  743  and 
744,  added  together,  equal  the  given  number,  1487,  and  the  square  of  743  = 
552,049,  the  square  of  744  =  553, 53f),  and  these  added  =  1.105,585,  therefore  : 

1,105,585  X  2  =  2,211,170—  I  =2,211,169:  the  Ans, 

To  find  the  eube  nf  any  number  divisible  without  a  rtmaindtr.  Rule. — Divide 
the  given  number  by  such  a  number  from  the  foregoing  table  as  will  divide 
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It  without  a  remainder  ;  then  the  cube  of  the  quotient,  multiplied  by  the  cobe 
of  the  number  found  in  the  table,  will  give  the  answer. 

Example. — What  is  the  cube  of  2700?  2700,  being  divided  by  900,  the  quo- 
ticnt  Is  3,  the  cube  of  which  is  27  and  the  cube  of  900  is  729,000,000,  there- 
fore : 

27  X  729,000,000  =  19,683,000,000  :  the  Ans. 

To  find  the  square  or  cube  root  of  nutftbers  higher  than  is  found  in  the  table. 
Hule. — Select,  in  the  column  of  squares  or  cubes,  as  the  case  may  require,  that 
number  which  is  nearest  the  given  number;  then  the  answer,  when  decimals 
are  not  of  importance,  will  be  found  directly  opposite,  in  the  column  of  num- 
bers. 

Example. — What  is  the  square  root  of  87,620?  In  the  column  of  squares. 
87,616  is  nearest  to  the  given  number ;  therefore,  296,  immediately  opposite 
in  the  column  of  numbers,  is  the  answer,  nearly. 

Another  example. — What  is  the  cube  root  of  110,591?  In  the  column  of 
cubes,  110,592  is  found  to  be  nearest  to  the  given  number  ;  therefore,  48,  the 
number  opposite,  is  the  answer,  nearly. 

To  find  the  cube  root  more  accurately.  Rule. — Select  from  the  column  of 
cubes  that  number  which  is  nearest  the  given  number,  and  add  twice  the 
number  so  selected  to  the  given  number ;  also,  add  twice  the  given  number 
to  the  number  selected  from  the  table.  Then,  as  the  former  product  is  to  the 
latter,  so  is  the  root  of  the  number  selected  to  the  root  of  the  number  given. 

Example. — What  is  the  cube  root  of  9200  ?  The  nearest  number  in  the  coU 
umn  of  cubes  is  9261,  the  root  of  which  is  21,  therefore  : 

02O1  9200 


18522  1S400 


.■\s   27.7^2  is  to  27,661,  so  is  21  to  20-953  -r,  the  Ans. 

Tluis.  27.f>(u  \  21  =  55<\SSi,and  this  divided  by  27.722  =  20953  -«-. 

i".'  ■:'».•.;■  .'"..•  .'■  •«.:•.'  .'•■  Ktthe  r,\'.'<>^".j  :.-c.',>  nwKrer  u-ith  ■•V.x •».■.;./.  A'u.'e. — Sub- 
tr.»ci  the  T<H>t  ol  the  whole  number  from  the  lOot  of  the  next  higher  number, 
and  nuiltipU  the  remainder  br  the  given  decimal  :  then  the  product,  added  to 
the  jooi  ot  ihe  j:iven  whole  number,  will  give  the  answer  correctly  to  three 
pUv'es  ot  i!ec:iu.»ls  in  ihe  square  root,  and  to  seven  in  the  cube  root. 

/'i. ;■-.••.■.•. — Whai  is  the  square  lOot  o:  11-14?  The  square  root  of  11  if 
.■;-3i(y\  atul  the  square  root  ot  the  next  hijiher  numler.  12.  is  .•■4^4I  ;  the  for- 
mer fr\-«:u  the  lav.e:.  the  rem.iinJer  is  o- 1475.  ani  this  by  o- 14  equals  o  02065. 
This  aJi^ed  ;o  ;    ^I(•^.  the  sun-..  3  33"25.  is  the  square  root  of  11  ■  14 

.".  t-.-.:"  :''.:  '.'.•'•  .--  .v.;".- -.V  '•■  .' '.  s..."  .' ''  :ie  :.:}L.  .^i.>. — Seek  for  the 
given  vi«-  ■  rv.al  :n  the  C'lunin  of  r.un'.bers.  ,»nd  oppos.te  in  th*  co'un-.rs  ol  roots 
w.!!  Vt-  ?  ';:r.i  tVe  .i:5<wt.-:  co::ec:  as  to  the  6i:iircs.  but  recuinn^  ihs.-  Jec:rcal 
po:r.:  i.>  I  v  <V.r:e.i  T.-o  t:.ir.<ro<i:ior<  o:  rise  Jec.nxa".  ro::^i  istc  b^e  rervrmed 
lb...<  p.  :  -.-M-A  -('"a.-e  '.V.r  .■.;-.:■.■  j".  ro  -.:  :s  :e--^'ve:  .r.  ;r.f  rc«o'.  rcr-.oi-e  ::  in 
ib.e  r.-u:vt  e:  -. .-  -.  '.u-cs  tor  the  .%:».:■.  r^x--:  ar.i    t  ■..■  r.ares  :>:  :b.e  c-b-e  root. 
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Examples. — By  the  table,  the  square  root  of  86*o  is  9-2736,  consequently  by 
the  rule  the  square  root  oro-86  is  0-92736.  The  square  root  of  9*  is  3-,  hence 
the  square  root  of  0-09  is  o<3.  For  the  square  root  of  0-0657  we  have 
0*25632,  found  opposite  No.  657.  -So,  also,  the  square  root  of  0-000927  is 
0-030446, found  opposite  No.  927.  And  the  square  root  of  8-73  (whole  num- 
ber  with  decimals)  is  2-9546,  found  opposite  No  873.  The  cube  root  of  o- 8 
is  0-928,  found  at  No.  800;  the  cube  root  of  o-o8  is  0-4308,  found  opposite 
No.  80,  and  the  cube  root  of  o-ooS  is  0-2,  as  2-0  is  the  cube  root  of  8-o.  So 
also  the  cube  root  of  0047  is  0-36088,  found  opposite  No.  47. 


RULES  FOR  THE  REDUCTION   OF   DECIMALS. 

To  reduce  a  fraction  to  its  equivalent  decimal.  Rule. — Divide  the  numerator 
by  the  denominator,  annexing  cyphers  as  required. 

Example. — ^What  is  the  decimal  of  a  foot  equivalent  to  three  inches  ? 
3  inches  is  -^  of  a  foot,  therefore  : 

A  .  .  .  12)3-00 

•25  Ans. 
Another  example. — What  is  the  equivalent  decimal  of  |  of  an  inch? 

4  .  .  .  8)7-000 

•875  Ans. 

To  reduce  a  compound  fraction  to  its  equivalent  decimal.  Hule.— In  accordance 
with  the  preceding  rule,  reduce  each  fraction,  commencing  at  the  lowest,  to 
the  decimal  of  the  next  higher  denomination,  to  which  add  the  numerator  of 
the  next  higher  fraction,  and  reduce  the  sum  to  the  decimal  of  the  next  higher 
denomination,  and  so  proceed  to  the  last ;  and  the  final  product  will  be  the 
answer. 

Example. — ^What  is  the  decimal  of  a  foot  equivalent  to  five  inches,  f  and  yV 
of  an  inch  ? 

The  fractions  in  this  case  are,  i  of  an  eighth,  |  of  an  inch,  and  -^^  of  a  foot, 
therefore  : 


i 2)1-0 


•5 
3-  eighths. 

i 8)3-5000 

•4375 
5  •  inches. 

A 13)5-437500 

•453125  Ans. 
The  process  may  be  condensed,  thus  :  write  the  numerators  of  the  given 


648  APPENDIX. 

fractions,  from  the  least  to  the  greatest,  under  each  other,  and  place  each  de- 
nominator to  the  left  of  its  numerator,  thus  : 


i. . . 

.    .   .      2 

I-O 

I. . . 

.  .  .    8 

35000 

A. . . 

.   .   .    12 

5 -437500 
-453'25  Ans 

To  reduce  a  decimal  to  Us  equivalent  in  terms  of  lower  denominations.  Rule. 
— Multiply  the  given  decimal  by  the  number  of  parts  in  the  next  less  denomi- 
nation, and  point  off  from  the  product  as  many  figures  to  the  right  hand  as 
there  are  in  the  given  decimal ;  then  multiply  the  figures  pointed  off  by  the 
number  of  parts  in  the  next  lower  denomination,  and  point  ofT  as  before,  and 
so  proceed  to  the  end  ;  then  the  several  figures  pointed  off  to  the  left  will  be 
the  answer. 

Example. — What  is  the  expression  in  inches  of  0-390625  feet  ? 

Feet  0-390625 

12  inches  in  a  foot. 


Inches  4-687500 

8     eighths  in  an  inch. 

Eighths  5  •  5000 

2  sixteenths  in  an  eighth. 

Sixteenth  i-o 

Ans.,  4  inches,  f  and  ti- 

Another  example. — What   is  the  expression,   in  fractions   of   arj  inch    of 
0-6S75  inches? 

Inches  0-6875 

8  eignths  in  an  inch. 

Eighths  5  5000 

2        sixteenths  in  an  eighth. 

Sixteenth  i-o 

Ans.,  j  and  ■^. 
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The  following;  rules  arc  for  extending  the  use  of  the  above  tabic 
7V  /in(f  thf  ar^a,  nntim/rtriice,  or  side  of  ft/tiol  sifturre,  of  a  <it(U  iai'ing 
diameter  of  more  than  loO  inc/ies,  feet,  etc.  Rule. — Divide  ihe  given  dianieict 
a  number  that  ^vill  give  a  quotient  equal  to  some  one  of  the  diamclets  in  t 
table  ;  ihett  the  circumference  or  side  of  equal  square,  opposite  thai  diaroel 
multiplied  by  that  divisor,  or  the  area  opposite  that  diameter,  multiplied  by 
the  square  of  the  aforesaid  divisor,  will  give  the  answer, 

Example. — What   is  the  circumference   of  a  circle  tvhose  diameter  i 
feel?     228,  dividc<i   by  3,  gives  76,  a  diameter  of  the  table,  the  circumferen 
of  which  is  238-761,  therefore  : 

338-761 


716-283  feci.     Ans. 

Another  example, — What  is  the  area  of  a  circle  having  a  diameter  of  150 
inches  ?  150,  divided  by  10,  gives  15.  one  of  the  diameters  in  the  table,  thSj 
area  of  which  is  176-71453,  therefore: 

176.71458 

100  =  to  X  to 


17,671  •458CO  inches.     Ant, 

To  find  tkt  area,  nnttntftrtnet,  or  side  of  equal  tquarvt  of  a  tirtk  ka%4i^  • 

i»teftnedi,Uf  dinntfter  to  those  in  the  table.     A*////.— Multiply  the  given  di.inict4 
by  a  number  thai  will  give  a  product  equal   to  some  one  of  the  diameters  i^ 
the  table  ;  then  the  circumference  or  side  of  equal  square  opposite  that  diam^ 
tcr,  dtrided  by  thai  multiplier,  or  the  area  opposite  that  diameter  divided  b] 
the  square  of  the  aforesaid  multiplier,  will  give  the  answer. 


CAPACITY  OF  WELLS,  CISTERNS,   ETC. 
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Example. — ^What  is  the  circumference  of  a  circle  whose  diameter  is  6^,  or 
6-125  inches?  6- 125,  multiplied  by  2,  gives  12*25,  one  of  the  diameters  of  the 
table,  whose  circumference  is  38 -484,  therefore  : 

2)38-484 
19-242  inches.     Ans. 

Another  example.— VihH  is  the  area  of  a  circle,  the  diameter  of  which  is  32 
feet  ?    3-2,  multiplied  by  5,  gives  16.  and  the  area  of  16  is  201  -0619,  therefore  : 

5  X  5  =25)201-0619(8-0424+ feet.     Ans. 
200 


106 
100 

61 
50 

119 
100 

Note. — ^The  diameter  of  a  circle,  multiplied  by  3 '14159,  will  give  its  cir- 
cumference ;  the  square  of  the  diameter,  multiplied  by  -78539,  will  give  its 
area;  and  the  diameter,  multiplied  by  -88622,  will  give  the  side  of  a  square 
equal  to  the  area  ot  the  circle. 


TABLE  SHOWING  THE  CAPACITY  OF  WELLS,    CISTERNS,   ETC. 

The  gallon  of  the  State  of  New  York,  by  an  act  passed  April  11,  1851,  is  required  to  conform  to 
the  standard  gallon  of  the  United  States  government.  This  standard  gallon  contains  331  cubic 
inches.     In  conformity  with  this  standard  the  following  tabic  has  been  computed. 

One  foot  in  depth  of  a  cistern  of 

3  feet  diameter  will  contain 52-872  gallons. 


3i 

4 

4i 

5 

5i 

6 

6J 

7 
8 

9 
10 
12 


•  71-965 

•  93-995 
.118-963 
.146-868 
.177-710 
.211-490 

.2t8-207 

.287-861 
■375-982 
-475-852 
•587-472 
.845-959 


Note. — To  reduce  cubic  feet  to  gallons,  multiply  by  7-48,  The  weight  of  a 
gallon  of  water  is  8-355  lbs.  To  find  the  contents  of  a  round  cistern,  multi- 
ply the  square  of  the  diameter  by  the  height,  both  in  feet,  and  this  product  by 
5-875- 
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APPENDIX. 


TABLE  OF  WEIGHTS. 


MATERIALS    USED    IN    THE    CONSTRUCTION    OR    LOADING    OF 

BUILDINGS. 

Weights  per  Cubic  Foot. 

As  per  Barlow,    Gallier,   Ilaswell,    Hurst,    Jiankine,    Tred^lJ,    Wood 
and  the  Author. 


Matkhau 


WOODS. 


Acacia  ...  - .  ..«.■■. . 

Alder    

Applf-dee.    , ,, 

A^h.    

Bs«h 

Hsrch 

h<yM..   ,,.,, ,,      , 

"     Krenth 

Snuil-wood ,  ,    . 

CcJ.4r .  . 

"     CjiLiilian    ....    ... 

"      P.it.Ih.tV    

Chcrrj-    . .        

Chmiiut,  Hor^e  ...... 

"  Sweet . . , , 

Cort    ......   

(Jyprcis  ,  .    ,,,..,. 

•■        Sp:iTiii^]l  .  ,    

D«a],  Chri'iti.uiij 

"       Kiijih^ir 

"      tNoFA-iiy  bpmcuj. 

Bojwood ,, 

£bany  .....    ,,    . , ,  ,    ..  . 

T-,ld.;r, ,....,... 

lilm,  .    ■ 

¥\t  (N'nrw.iy  SpriiLc) 

'■    tked   TVdt;. . 

"    Rip 

Guiii,    Blue    :...,,,, 

"       Wjlcr  , .... 

HMckmatjck. , . 

HemlcR'k , 

Jlicitary    ...,,,,...,,.., 

l.JinL-t!-WL«U , . .  , 

L^t-eh ., .,.„, 

"      Ucd 

"  W'hiit'.  .,..,,,  . . 
LtRi^iiin-viLj:    ,..,.,.... 

Luciiwt ,    ... 

L><J£W0O(J..    ...    ....... 

Afahogiiiiyt  Hupdiim*,. 


3? 


H 


yj 


4t 

3S 

49 

35    I    53 
35   I    « 

i9         *i 


37 

33 

4T 

57 

3'3 

3a 

a» 

43 

39 

4" 

>7 

55 

4' 


MATinCAt.. 


4e 

as 
so 

4» 

4a 

43 
»^ 
83 
04 
31 
6fl 
34 
40 

S5 
41 

IS 

34 

40 

44 

H9 

»T 

4t 

Td 

43 

48 

3T 

3T    I 

47    ' 

3T 

20  I 
40  , 
&*    I 

as 

43 

23   l> 
Hi 
4» 
ST 


K^hoginy,  St.  Domingo. . 
Mapic  ..............  , 


Oak,  Adrialic. ...    , . . . . 

"      Black   Bqrg 

"      CanAui;)ii  . . .. , 

"      DjnLiit. ...   ..    .  . 

"      Kiiglish  ..    .    . . 

"      Luc......     

"     ReJ 

"     WhiiP.  .. .. 

Olive....    .....     ..   .. 

Orjuge   ............... 

Pear-irtc 

Pira-,  (icorgin  ipitch)  .. 
Mjr  Komi    ...    . 

'"      Mencl  and  Higa. 

"      K«l    . 

"     SoMch ... 

"      While 

"      Yellow ..,.., 

Plum 

Foplar. 

(Jul  n  I  c 

Kc^dwa-jd ,,...,. 

Koic^o.-d...    ...,..,,.. 

Sajt^lr;>r« , 

^.tlinws>u4l.   ........... 

Jiprucc  .    ..,,,,,.. 

Sj-camurc 

Teat 

Tultjt-itce, 

Vine.     ......    ........ 

VVUInut,  BIjcIc ..  .. 

While 

Whiicwutjd.. , 

Vcw, 


METALS, 

rS-smufh.  Cast   

Ut,Li^,  Cj  >t 

"        i4.iim-incijlj 

I'l.ile ,..,.,. 

^r.?n£c 


33 


7. 


4> 
6i 


SI 

4ft 

«t 
flS 
$1 
47 
&4 

ei 
ii 
so 

44 

4t 
4§ 
-tl 

31 
87 
3» 
^9 
3i 
45 
30 
4J 
S3 
4i 
30 
5T 
80 
SN 
SI 
30 
80 
33 
49 
97 
£0 


614 

4^7      i'5     £00 

54-1 

i3i      534     &31 

5>^  ,  514    £10 


WEIGHT  OF  MATERIALS. 
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TABLE   OF   WEIGHTS.— (Continued.) 

MATERIALS    USED    IN    THE    CONSTRUCTION    OR    LOADING    OF 

BUILDINGS. 

Weights  per  Cubic  Foot. 

jIj  per  Barlow,    Gallier,   I/aswcll,   Hurst,   Xankine,    Tredgold,    Wood 
and  tke  Author. 


Matbjual. 


Copper,  C»4t ......   . 

«         PklL- 

CoM.,... -. 

^'    Standard  , . 

Gtia-Ri?t3j. ..,,.,,.., 
Iron,  Uitt  

'■       Call...    ...... 

"      MaLieafaltf .... 

"      Wroughi , 

Lend,  Ca« ,,. 

"       Ef>E;li«h  Cut . 

"       M^ned     ..    „. 

MiEtcuTy  at    it'..,., 

•*         "     60'...., 


Nickel,  Cast 

Pewter.,        .  »,.,.... . . 

PlaiinA,  Cmde. ....  

Pure.. 

"  "     Rdllecl 

Silver,  raiuian  StanUanl 
•'  Puns  Ca»t  ..... 
"  "       **    Hamtncrcd 

"       ScaodArd ,  .,...., 

St«|. 

Tsn.Cll't , 

ZioC,  CAkt.......... . 


STONES,  EARTHS,  Etc. 


Aldbaitcr. ...,-..,  — .... 
At'pltBit,  Griiml .......... 

Afphallum  ,    . .      . ,      

Iwytcii,  iiiilphate  trf. . . . . . 

Uuatl 

Balh  Stone.. ... 

'BtVcm  CfiigDCt   

Blue  Stone,  Caminon.. ., , 
Bridt,. ...,...,.., 

"    J-'ire- ,,.,,. 

"     N.  IC  commofi  hard, 

"         "      Satmqn,  „,,,.. 

**    PbOadel^hw  Frtmc. 


5J7 


M9 


48? 

474 

496 


156 


64S 

£50 
5-14 
1300 
llOM, 
AOfI 
4S1 
454 
4TE 
4SII 
709 
TIT 
T13 
gSl 

sat 

4S8 

453 

BT« 

1145 

IStS 
143 
036 

6SS 
65g 
644 
4S9 
46*1 
439 


173 
156 

SO 
STT 
ITl 
130 
130 
IfiO 
103 
13S 
lOT 
100 
106 


AIatvbjau 


Drick-woTk 

"  dry   ...,,, , , . 

"        in  Cement.... ,. 

"        inMM-tu, 

Caen  Stone  ........   ...... 

Cemetit,  Portlaiul , , . . 

*'         Koman,  Cail...... 

'*  "        mttd  Sand, 

cqiul  parb.. 

Chalk 

Clay 

"    wiih  Gravel...  ....... 

Co^l,  Anthracite. , , . . 

"      Buuminoib 

"      C^nnel 

"     Cuinbetland. 

Cokfl-.,, ......... 

CoDcrete,  CcflMOl. 

Coqiiina.  ... 

Earih,  Coaicnga. 

"         Loaniy 

"       witbCntvel - 

Emery . .     . 

Feldspar .......  — 

I-'li.igSin^,  Sdver  Gny-  .  , . 

Flini 

Gl^^  Crown ... ........ 

"      Him................ 

**       Gteen......  ..    ...... 

"      Plaic 

"    ^  While, 

CnatM. . 

"       Aberdeen . . . .    . 

"       Egyptian  Ked...   .. 
*'      Cuemsey .......... 

*'      QuifKiy..... 

Crave) . , . , , 

GrindittODe .,....,.,,...... 

HyptykSli   ...  .,..........,,, 

Lime,   L'n<ilakeit. 

Ijmc^tciic 

"  Aubignf.. . ...... 

"  Lamenck.  ....... 

Marble. 

"      BTT>catcl 

"     Camn. , , , 


9S 


[^    ! 


I$i 


"J 


%ts   104 

too 

tia 

110 

130 

SI 

100 


113 
145 

ia3 

160 
96 

83 
TO 
g5 
54 
130 
106 

no 

ItfU 

i»« 
*lfi 

160 
185 
163 
160 

183 

mi 

114 
105 
164 
169 
185 

i«e 

105 
131 

14U 
5SI 
169 
146 
163 
ITO 
IftO 
170 
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TABLE  OF  WElGHTS.-^CvntMued.) 

MATERIALS    USED    IN    THE    CONSTRUCTION    OR    LOADING   OF 

BUILDINGS. 

Weights  per  Cubic  Foot. 

As  p<r  Barlow^    Gallier,    Ifaswell,   Hurst,  JRankine,    TredgoU,    IVatd 
and  the  Author. 


M  Are  RIAL. 


Marbte,  SnUcheSler. 

"         Ee^jitiaii... . 

"         Frtneh  - , , , . 

"  Ilalian,   . . . . 

Mad 

Maionry - 

Mki ....,.,. 

MilKtone. 

Mortar,.... 

dry.......... 

"  flfW. 


j6j 


Udir,  inc).   L^tK  and' 
Ni^ils,  per  fuol  tup^' 

"■       Hair,  dry .. ..  .1 

"  "       new... I 

"    S^nd  ^  .imJ  ljim(^pa^l«a 

■'     :4  "       '■        "     * 
wellbc.iL  tcgelber 

Praf,  Hard .,.,, 

Peirtrml  Wood 

PiicK  

Plauct,  Cist , 

Porphyrj-,  thren,- ,, 

RtJ    . 

Portland  ^loiie     ..    .    . 

Fumitc-'kHJiii;  .   ,    .,-.--    ., 

Fuiiol^inj, . , 

Quarl2,  Cry^tallut^d. ... . .. 

kciltcn-«IO!i« .. 

SSand,  Cfurne    ... ..... 

'"      CumitiBn ...' 

"      Dry I 

*■     Mc(*i.  .,....,     ...I 

"      ]kluri>r...  ...     ..' 

■-      J'lt   .,,,,    ....     

ijiiarli ....      ...      , . . 

■'     Kfiih  Gravel     

Sandtlone  . .    ...     . .   

"  A  inherit,  O.      . 

"  Belleville,  N.  J.. 

"  llcrea,  O   ..,.., 

"  Uiin  brt^ft,  N.  S. 

•»  Ljsik  Falls,  N.  J.j 

••  Wdriftl.i,  O.        .1 

"  MiUdflEiuwi),  Ct..J 


•■a 


1S8 


ITS 
IST 
lOO 
16T 
140 

las 

1T5 

16fi 

OR 

103 

« 

86 

lau 

118 

§3 
146 

BO 
1§0 
175 
14T 

Sfl 
165 

les 

134 
11% 
lOS 
105 
123 
105 
»T 
11« 
13« 
144 
1S3 
14B 
134 
141 
134 
1«3 
ISO 


MA-rvniAL. 


S«rp«llliti«. 

"         Ch»lcr,  Pa.. 

Sh  iivcle. 

Slale 

Ccmitinon  . .  ........ 

*'     CoTDwalt.. ,,. 

"     WtUti       .,..,,  ... 

Stone,    Arrgficial 

"         P.iving , ,, 

Stone-Wurk ,     .......... 

Hewn    ..,.., 

"  Htjb)>le 

Sulphur,  Melird,.. 

I'ilci,  Commiju  plain... 
Trap  Rock     .,..   ...... 

Tufa,  KuDiaa ... . 


MISCELLANEOUS 


A«hM.  Wwifl . ., 
Bark,  Peruvian 

Bulter . . . . . 

Camphor 

ChunLoal 

Cotton,  UjIciI. . . 

Fat 

Gunpowdfr,  _,, 
Gull.-1-pcri.'lu. . , 
Hay.  liiled  .  .. 
Ihdi.i  Rqbbtr... 

SslTIclaJi!^ 

Fvijry.  ,,,..,.,, 
Pla^icr  ol  Paris. 
Pliimbajir),, ,  , ,. , 

Red  Lead  

ReKin 

Rock  Crv'Uat. . . 

Sail 

Satl^etre,.. .    ,., 

Snow  , .   . 

Sugar 

>Valer,  RaiD   ... 

!Se.i  . .    . . 

Whale  bone  .   . , . 


INDEX. 


PACE 

Abicissas  of  Axes,  Ellipse 484 

Abutments,  Bridges,  Strength  of.  237 
Abutments,  Houses,  Strength  of..     53 

Acute  Angle  Defined 349,  544 

Acute-angled  Triangle  Defined. . .   545 

Acute  or  Lancet  Arch 51 

Algebra,  Addition 398 

Algebra,  Application  of 393 

Algebra,  Binomial,  Multiplica- 
tion of 409 

Algebra,  Binomial,  Square  of  a...  429 
Algebra,  Binomial,  Squaring  a...  410 

Algebra  Defined 393 

Algebra,      Denominator,      Least 

Common 404 

Algebra,  Division,  the  Quotient..  419 
Algebra,  Division,  Reduction....  419 
Algebra,    Division,    Reverse     of 

Multiplication 418 

Algebra,  Factors,   Multiplication 

of  Two  and  Three 409 

Algebra,   Factors,    Multiplication 

of  Three 408 

Algebra,  Factors,  Squaring  Differ- 

ence  of  Two 412 

Algebra,    Fractions    Added    and 

Subtracted 403 

Algebra,  Fractions,  Denominators  407 
Algebra,  Fractions  Subtracted . . .  405 
Algebra,   Hypothenuse,    Equ.nl ity 

of  Squares  on 416 

Algebra,  Letters,  Customary  Uses 

of 396 

Algebra,  Logarithms  Explained..  425 
Algebra,  Logarithms,  Examples  in  426 
Algebra,  Multiplication,  Graphical  408 


PACE 

Algebra,  Progression,  Arithmeti- 
cal  433 

Algebra,  Progression,  Geometrical  435 
Algebra,  Proportion  Essential. . . .  347 
Algebra,     Proportionals,     Lever 

Formula 421 

Algebra,  Quantities,  Addition  and 

Subtraction 434 

Algebra,  Quantities,  Division  of.  434 
Algebra,   Quantities,    Multiplica- 
tion of 424 

Algebra,  Quantities  with  Negative 

Exponents 423 

Algebra,  Quantity,  Raising  to  any 

Power 423 

Algebra,  Radicals,  Extraction  of..  425 

Algebra,  Rules  are  General 394 

Algebra,  Rules,  Useful  Construc- 
ting   394 

Algebra,  Signs 397 

Algebra,  Signs,  Arithmetical  Pro- 
cess by 396 

Algebra,    Signs,    Changed    when 

Subtracted ....  400 

Algebra,  Signs,  Multiplication  of 

Plus  and  Minus 415 

Algebra,  Squares  on  Right-Angled 

Triangle 417 

Algebra,  Subtraction 398 

Algebra.  Sum  and  Difference,  Pro- 
duct of 413 

Algebra.  Symbols  Chosen  at  Pleas- 
ure   395 

Algebra,  Symbol,  Transferring  a..  399 
Algebra,    Triangle,    Squares     on 
Right-angled 417 
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INDEX. 


Athambra,  or  Red  House,  Ancient 

Palace  of  the 11 

Ancient    Cities,    Historical     Ac- 
counts of 6 

Ancient  Monuments,  their  Archi- 
tects    ....  6 

Angle  at  Circumference  of  Circle.  358 

Angle  Defined 544 

Angle  to  Bracket  of  Cornice,  To 

Obtain 343 

Angle,  To  Measure  a.  Geometry..  348 

Angle  rib  to  Polygonal  Dome. . . .  223 
Angle-rib,    Shap*    of    Polygonal 

Domes 223 

Amulet  or  Fillet,  Classic  Mould- 
ing   323 

Antn:  Cap,  Modern  Moulding 334 

Antique  Columns,  Forms  of 48 

Antiquity  of  Building 5 

Arabian  and  Moorish  Styles,  An- 
tiquities of II 

Ancoslyle,  Intercolumniations.. .  20 

Arc  of  Circle  Defined 547 

Arc  of  Circle,  Length,  Rule  for. .  475 

Arc.  Radius  of,  To  Find 561 

Arc,  Versed  Sine,  To  Find  (Geom- 
etry)   561 

Arcade 52  I 

Arcade  of  Arches,  Resistance  in..  52  ! 

Arcade    in    Bridges,   Strength    of  , 

Piers 52  I 

Arch 50 

Arch,  .-Vcute  or  Lancet 51 

Arch,  Archi volt  in 52 

Arch,  Hridne.  Pressure  on..' 51 

Arch.  Hiiilding,  Manner  of 50 

Arch,  Caicnary 51 

Arch.  Construction  of 50 

Arch,  Delinitionsand  Principles  of  52 

Arch,  Kxlrados  of 52 

Arch,  Form  of 50 

Arch.  Fvumation  in  HriJges 51 

Arrh.  Hooko's  Thi'orv  of  an 50 

.Arch.  Hoiseshoe  or  Moorish 51 

Arch.  Impost  in 52 

Aich.  Inii.ulos  of 52 

Atch,  Kf\  stone.  Pv.»sitio:s  0'. £0 

Arch.  Ljteijl  Thtust  in f.2 


Arch,  Ogee 51 

Arch,  Rampant 51 

Arch,  Span  of  an 53 

Arch,  Spring  in  an 52 

Arch,  Stone  Bridges 230 

Arch-stones,  Bridges,  Jointing. . .  233 

Arch,  Strength  of 50 

Arch  of  Titus,  Composite  Order. .    38 

Arch,  Uses  of 50 

Arch,  Voussoir  in 5s 

Architect  and  Builder,  Construc- 
tion Necessary  to 56 

Architect,  Derivation  of  the  Word  S 
Architects  of  Italy,  14th  Century.  I3 
Architecture,  Classic    Mouldings 

in 323 

Architecture,  Ecclesiastical,  Origin 

of 14 

Architecture,  Egyptian,  Character 

of 33 

Architecture,    Egyptian,  Features 

of 30 

Architecture,     English,      Ccttage 

Style 35 

Architecture,  English,  Early 11 

.Architecture,  Grecian  and  Roman  3 
Architecture,  Grecian.  History  of.  6 
Architecture,    Hindoo,   Character 

of 30 

Architecture,  Order,  Three  Princi- 
pal parts  of 14 

Architecture,  Principles  of 44 

.Architecture,  Roman.  Ruins  of. . .     il 

.Architecture  in  Rome  Defined 7 

.Architecture,  Result  of  Necessity.     13 

•Architrave  Defined 15 

Area  of  Circle.  To  Find. 475 

Area  of  Post.  Rule  for  Finding. . .     90 

.Area  of  Round  Post.  Rule 90 

.Area  of  Surface.  Sliding  Rupture, 

Rule 55 

.Arithmetical    Progression    v-^'ge- 

bra't 432 

Astragal,  or  Bead.  Classic  Mould- 

inj:   335 

.Athens.  Parthenon.  Columns  of. .     4$ 
.Attic,    a     Small    Order.    Top    of 
Building 15 


INDEX. 
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Attic  Story,  Upper  Story 15 

Axes  of  Ellipse  (Geometry) 585 

Axiom  Defined  (Geometry) 348 

Axis  Defined 548 

Balusters,  Handrailing,  Winding 
Stairs 310 

Baluster,  Platform  Stairs,  Position 
of. 250 

Baluster  in  Round  Rail,  Winding 
Stairs 313 

Base,  Shaft,  and  Capital  Defined .     14 

Bathing,  Necessary  Arrangements 

for 45 

Baths  of  Diocletian,  Splendor  of..     27 
Bead,  or  Astragal,  Classic  Mould- 
ings   323 

Beams,    Bearings    of.   Rules    for 

Pressure 75 

Beams,  Breaking  Weight  on 74 

Beams,  Framed,  Rules  for  Thick- 
ness   130 

Beams,  Framed,  Position  of  Mor- 
tise   236 

Beams,  Headers  Defined 130 

Beams,  Horizontal  Thrust,  Rules 

for 72 

Beams,  Inclined,  Effect  of  Weight 

on 72 

Beams,  Load  on.  Effect  of 74 

Beams,  Splicing 235 

Beams,  Tail,  Defined 130 

Beams,  Trimmers  or  Carriage,  De- 
fined     130 

Beams,  Weight  on.  Proportion  of.   130 
Beams,    White    Pine.    Table     of 

Weights 177 

Beams,  Wooden,  Use  of  Limited.  154 

Bearings  for  Girders 141 

Binomials,  Multiplication  of  (Al- 
gebra)   409 

Binomials,  Square  of  (Algebra). . .  429 
Binomials,  Squaring  (Algebra)...  410 

Bisect  an  Angle  (Geometry) 554 

Bisect  a  Line  (Geometry) 549 

Blocking  out  Rail,  Winding  Stairs  301 
Blondel's  Method,  Rise  and  Tread 
in  Stairs 242 


Bottom  Rail  for  Doors,  Rule  for 

Width 316 

Bow,    Mr.,   On    Economics    and 

Construction 166 

Bowstring     Girder,     Cast  -  Iron, 

Should  not  be  Used 163 

Brace,  Length  of,  To  Find  (Geom- 
etry)   579 

Braces,    Rafters,    etc..    To    Find 

Length 580 

Braces  in  Roof,  Rule  for.  Same  as 

Rafter 208 

Breaking  Weight  Defined 84 

Brick  or  Stone  Buildings 37 

Brick  Walls,  Modern 49 

Bridge  Abutments,  Strength  of.. .  227 

Bridge  Arches,  Formation  of 51 

Bridge  Arch-stones,  Joints  of . . . .  233 
Bridges,  Construction  of  Various.  223 
Bridge,   London,    Age    of    Piles 

under 229 

Bridge   Piers,   Construction  and 

Sizes 228 

Bridge,  Rib-built 224 

Bridge,  Rib,  Construction  of. . .  .  225 
Bridge,  Rib,  Framed, Construction 

and  Distance 226 

Bridge,  Rib,  Radials  of 226 

Bridge,  Rib,  Table  of  Least  Rise 

in 224 

Bridge,  Rib,  Rule  for  Area  of . . . .  225 
Bridge,  Rib,  Rule  for  Depth  of. . .  226 

Bridge,  Roadway,  Width  of 227 

Bridge,  Stone,  Arch  Construction  230 
Bridge.  Stone,  Arch- stones.  Table 

of  Pressures  on 230 

Bridge,  Stone,  Arch,  Centres  for. 

Bad  Construction 229 

Bridge,  Arch,  Spring  of. 247 

Bridge,  Stone,  Strength  of  Truss- 
ing   232 

Bridge,  Weight,  Greatest  on 225 

Bridge,  without  Tie-Beam 224 

Bridging,       Cross-,      Additional 

Strength  by 137 

Bridging,  Cross-,  Defined 137 

Bridging,   Cross-,   Resistance  by 
Adjoining  Beams 139 
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Building,  Antiquity  of 5 

Building,  Hleincntar)-  Parts  of  a..     46 

Building.  Expression  in  a 35 

Building  by  the  Greeks 35 

Building.  Modes  of,  Defined 9 

Building  by  the  Romans 26 

Building.  Style  of,  Selected  10  Suit 

Destination 35 

Butt  Joint  on  Handrail  (o  Stairs. .  303 
Butt-joint,  Handrail,  Stairs,  Posi- 
tion of 307 

Byzantine  Style.  Lombard 10 

Campanile,   or    Leaning    Tower, 

Twelfth  Century 12 

Capital,     Uppermost    Part    of    a 

Column ,    .,..,     15 

Carriage  Beam,  Well-Hole  in  Mid- 
dle, Find  Breadth 136 

Carriage  Uvaiii,  One  Header,  Rule 

for  Breadth 133 

Carriage  Beam  or  Trimmer  De- 
fined  130 

Carriage  Beam,  Rule  for  Breadth.   132 
Carriage   Beam,  Two  Sets  of  Tail 

Beams,  Rule  for  Breadth  ..      .  .    134 
Caryatides,    Description  and  Ori- 
gin of 26 

Cast-Iron       Bowstring       Girder, 

Should  not  be  Used 163 

Casi*Iron  Girder,  Load  at  Middle, 

Site  of  Flanges. . . 162 

Cast-iron  Girder,  Load   Uniform, 

Size  of  Flanges 163 

Cast-Iron  Girder,  Manncrof  Mak- 
ing a 161 

Cast-Iron  Girder,  Proper  Form...    161 
Cast-Iton,  Tensile  Strength  of . . . .   161 

Cast-iron  U^ntrustvvorthy i6i 

Catenary  Arch,  H coke's  Theory  of.     sr 

Cathedral  of  Cologne it 

Cathedrals.  Domes  of 53 

Cathedrals  of   Pisa,    Erection   in 

ior6.. la 

Cavern,   The   Original    Place    of 

Shelter ,.     13 

Cavetto  or  Cove,  Classic  Moulding  323 
Cavetio,  Grecian  Moulding 327 
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Cavetto,  Roman  Moulding.  ..T...  319 
Ceiling.  Cracking.  How   to   Pre- 
vent  ti5 

Centre  ol  Circles,  To  Find  (Ge- 
ometry)   -...55ft 

Centre  of  Gravity,  Position  of .     71 

Centre  of  Gravity.  Rule  for  Find- 
ing. Examples 71 

Chimneys,  How  Arranged 43 

Chinese  Structure,  The  Tent  the 

Model  of 14 

Chord  of  Circle  Defined S47 

Chords  Giving  Equal  Rectangles. 
Circle,  Arc,  Rule  for  Length  of... 
Circle,  Area,  Circumference,  etc.. 

Examples 

Circle.  Area,  Rule  for.  Length  of 

Arc  Given , 

Circle,  .\rca.  To  Find. ^JJ" 

Circle.  Circumference,  To  Find  ..  47} 

Circle  DeQned 54^ 

Circle,  Df^scribe  within  Triangle.,  t/ft 
Circle,  Diameter  and  Circumfer- 
ence  , 

Circle,  Diameter  and  Perpendicu- 
lar  

Circle  Equal   Given  Circles,  To 

Make 

Circle,  Ordinates,  Rule  for 

Circle,    Radius  from   Chord   and 

Versed  Sine -...,. 

Circle,  Sector,  Area  of 

Circle,  Segment,  Area  of. 

Circle,  Segment  from  Ordinates. . 
Circle,  Segment,  Rule  for  Area  of. 

Circles.  Table  of 649 

Circle  through  Given  Points 5J 

Circular  Headed  Doors J20 

Circular  Headed  Doors,  To  Form 

Soffit 

Circular  Headed  Windows y» 

Circular    Headed    Windows.    To 

Form  Soffit 5SI 

Circular  Stairs,  Face  Mould  for  (l). 
Circular  Stairs,  Facr  Mould  for  (2) 
Circular  Stairs.  Face  Mould  for  (3). 
Circular  Stairs,  Face  Mould.  First 
Section 
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Circular  Stairs,  Falling  Mould  for 

Rail a8i 

Circular  Stairs,  Handrailing  for  . .  278 

Circular  Stairs,  Plan  of 379 

Circular  Stairs,  Plumb  Bevel  De- 
fined    282 

Circular  Stairs,  Timbers   Put  in 

after  Erection 253 

Cisterns,   Wells,    etc.,    Table    of 

Capacity- of 653 

Citj  Houses,  General  Idea  of. ... .     42 
City  Houses,  Arrangements  for.. .     37 

Civil  Architecture  Defined 5 

Classic  Architecture,    Mouldings 

in 323 

Classic  Moulding,  Annulet  or  Fil- 
let  '. 323 

Classic    Moulding,    Astragal     or 

Bead 323 

Classic     Moulding,    Cavetto     or 

Cove 323 

Classic  Moulding,  Cyma-Recta. . .  324 
Classic  Moulding,  Cyma-Reversa.  324 

Classic  Moulding.  Ogee 324 

Classic  Moulding,  Ovolo 323 

Classic  Moulding,  Scotia 323 

Classic  Moulding,  Torus 323 

Coffer  Walls 49 

Cohesive  Strength  of  Materials. . .     76 

Collar  Beam  in  Truss 238 

Cologne,  Cathedral  of 11 

Columns,  Antique,  Form  of 48 

Column,  Base,  Shaft  and  Capital.     14 
Columns,  Egyptian,  Dimensions, 

etc 33 

Column,  Gothic  Pillar^  Form  of. .     48 

Column,  Outline  of. 47 

Columns,   Parthenon    at   Athens, 

Forms  of 48 

Column  or  Pillar 47 

Column,  Resistance  of 47 

Column,  Shaft,  Form  of. 47 

Column,  Shaft,  Swell  of,  Called 

Entasis 48 

Complex,  or  Ground  Vault 52 

Composite  Arch  of  Titus 28 

Composite,  Corinthian  or  Roman 
Order 38 
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Compression,  Resistance  to 77 

Compression,  Resistance  to  Crush- 
ing and  Bending 85 

Compression,  Resistance  to,  Pres- 
sures Classified 83 

Compression,  Resistance  to.  Table 

of 79 

Compression,    Resistance    to,   in 

Proportion  to  Depth loi 

Compression  at  Right  Angles  and  ■ 

Parallel  to  Length 206 

Compression  of  Stout  Posts 89 

Compression        and        Tension, 

Framed  Girders 174 

Compression  Transversely  to  Fi- 
bres      86 

Cone  Defined 548 

Conic  Sections 584 

Conjugate  Axis  Defined 548 

Conjugate  Diameters  to  Axes  of 

Ellipse 487 

Construction  Essential 56 

Construction    of    Floors,     Roof, 

etc..  Economy  Important 123 

Construction,     Framing,     Heavy 

Weight 56 

Construction,    Joints,    Effect     of 

Many 123 

Construction,  Object  of  Defined..  123 
Construction,  Simplest  Form  Best.  123 
Construction,  Superfluous  Mate- 
rial      56 

Contents,  Table  of.  General. .  .613-624 
Corinthian  Capital,  Fanciful  Ori- 
gin of. 24 

Corinthian  Order  Appropriate  in 

Buildings 24 

Corinthian  Order,  Character  of....  16 
Corinthian  Order,  Description  of.  23 
Corinthian  Order,  Elegance  of. . . .  23 
Corinthian  Order,   The   Favorite 

at  Rome 27 

Corinthian  Order,  Grecian  Origin 

of 16 

Corinthian  Order,  Modification  of.     27 
Cornice,  Angle  Bracket,  To  Ob- 
tain the 343 

Cornice,  Eaves,  To  Find  Depth  of.  335 
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Cornice,  Mouldings,  Depth  of.. . .  342 
Cornice,  Projection,  To  Find  ....  342 
Cornice,   Projecting  Part  of  En- 
tablature . . . ., 15 

Cornice,  Rake  and  Level  Mould- 
ings, To  Match 344 

Cornice,  Shading,  Rule  for 611 

Cornice,  Stucco,  for  Interior,  De- 
signs   340 

Corollary  Defined  (Geometry) 348 

Corollary  of  Triangle  and   Right 

Anjfic 355 

Cottage  Style,  English 35 

Counirj'-Scat,  Style  of  a 37 

Cross.  Bridging,      Additional 

Strength  by. 137 

Cross-Bridging,    Furring     Impor- 
tant    137 

Cross-Bridging,  Resistance  of  Ad- 
joining Beams 139 

Cross-  or  IIcrring-Bonc  Bridging 

D«(ined 137 

Cross-Furring  Defined .   125 

Cross-Strains.  Resistance  to 77,  99 

Crushing  and  Bending  Pressure..  85 
Crushing.  Liability  of  Rafter  to.. .  205 
Crushing  Strength  of  Stout  Posts.     89 

Cube  Root,  Examples  in 645 

Cubes,  Squares  and  Roots.  Table 

of 638-645 

Cubic  Feci  to  Gallons,  To  Reduce.  653 

Cupola  or  Dome 53 

Curb  or  Mansard  Roof 54 

Curve  Ellipse.  Equations  to. 482 

Curve  Equilibrium  of  Dome siS 

Cylinder.  Defined 549 

Cylinder.  Platform  Stairs 248 

Cylinder.  Platform  Stairs.  Lower 

Edge  of 249 

Cylinders  and  Prisms,  Stair-Build- 

«o« 257 

Crma-Recta.  Classic  Moulding...  324 

Crma-Reversa.  Classic  Moulding.  324 

Cyma  Recta.  Grecian  Moulding  ..  5x7 

Cyma-Reversa.  Grecian  Moulding.  52S 

I 

Deafening,  Weight  per  Foot .  177 

Dccmgon,  Defined ^4/b 


rta 
Decimals,  Reduction  of.  Examples  647 
Decorated  Style,  14th  Century....  u 
Decoration,  Attention  to  be  given 

to 

Decoration,  Roman ., 

Deflection,  Defined IQ 

Deliicclion,  Differs  in  Different  Mar 

terials X13 

Defection,  Elasticity  not  Diroio- 

isiied  by 

Detlcction.   Floor-beams,    DweU- 

ing.s.  Dimensions 

Dellection,      Floor-beams,    First- 
class  Stores,  Dimensions 

Deflection,  Floor-bearas,  Ordinarj 

Stores,  Dimensions 

Deflection,  Lever,  Principle  of... 
Deflection,  Lever  and  Beam.  RcU- 

tion  Between.. , A. 

Dellection,  Lever,  To   Find,  Load 

at  End UO 

Deflection,     Lever*,     Breadth     Of 

Depth,  Load  at  End 

Deflection,  Lever,  Load  Uniform.  tSf 
Deflection.     Lever.     Breadth    or 

Depih.  Load  Uniform , 

Deflection,    Lever,    (or     CerUiV* 
Load  Uniform  .............. 

Deflection,   Load  Uniform  or  Wt 

Middle,  Proportion  of tift 

Deflection.  Load  UaUonn.Breaitlk 

and  Depth 

Deflection,   Load    Uniform   or  al 

Middle,  Proportion  of 

Dcflcaion.     in      Proponiott     to 

Weight 

Deflection.    Resistance    to.    Rate 

for 

Deflection,  Safe  Weight  for   Pl»- 

vcntioQ 

Deflection.    Wcigkt    al     Mt<ld]o» 

Breadth  and  DepUi... 

Detlcction.  Weigfat  at  Middl*.  §at 

Ccnain - ,. 

Deflection.  Weight  at  MidiUc.  C«»> 

tain,  for 

Deflection.  Weight    Trnftwrn.   $at 
Certain....... 
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Deflection,  Weight  Uniform,  Cer- 
tain, for 118 

Denominator,  Least  Common  (Al- 
gebra)  404 

Denominator,     Least     Common 

(Fractions) 384 

Dentils,  Teeth-lilce  Mouldings  in 

Cornice 20 

Diagonal  Crossing  Parallelogram 

(Geometry) 351 

Diagonal  of  Square  Forming  Oc- 
tagon..  357 

Diagram  of  Forces,  Example....  166 

Diameter,  Circle,  Defined 547 

Diameter,  Ellipse,  Defined 549 

Diastyle,  Explanation  of  the  Word     19 

Diastyle,  Intercolumniation 20 

Diocletian,  Baths.  Splendor  of ... .     27 

Division,  Fractions.  Rule  for 389 

Division,  by  Factors  (Fractions)..  381 

Division,  Quotient  (Algebra) 419 

Division,  Reduction  (Algebra). . .  419 

Dodecagon.  Defined 546 

Dodecagon,  To  Inscribe 569 

Dodecagon,    Radius    of    Circles 

(Polygons) 452 

Dodecagon,  Side  and  Area  (Poly- 
gons)  453 

Dome,  Abutments,  Strength  of. . .     53 

Domes  of  Cathedrals 53 

Dome,  Character  of 53 

Dome,    Construction    and    Form 

of. . . :  216 

Dome,  Construction  and  Strength 

of 53 

Dome,  Cubic  Parabola  computed  219 

Dome  or  Cupola,  the 53 

Dome,  Curve  of  Equilibrium,  rule 

for 218 

Dome,  Halle  du  Bled,  Paris 54 

Dome,  Pantheon  at  Rome 53 

Dome,  Pendetltives  of 53 

Dome,  Polygonal,    Shape  of  An- 
gle Rib 223 

Dome,  Ribbed,    Form  and   Con- 
struction   217 

Dome,   Scantling    for.    Table    of 
Thickness 218 
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Dome,  Small,  over  Stairways,  Form 

of 220 

Dome,  Spherical,  To  Form 221 

Dome,  St.  Paul's,  London 54 

Dome,  Strains  on.  Tendencies  of.   219 

Domes,  Wooden 54 

Doors,  Circular  Head 320 

Doors,  Circular  Head,    to   Form 

Soffit • 321 

Doors,  Construction  of 317 

Doors,  Folding  and  Sliding,  Pro- 
portions  316 

Doors.  Front,  Location  of 320 

Doors,    Height,  Rule  for,  Width 

Given 315 

Door  Hanging,  Manner  of 317 

Doors,  Panel,  Bottom  and  Lock 

Rail,  Width 316 

Doors,  Panel,  Four  Necessary. . .  317 
Doors,  Panel,  Mouldings,  Width.  317 
Doors,  Panel,  Styles  and  Muntins, 

Width 316 

Doors,  Panel.  Top  Rail,  Width. ..  317 
Doors,  Stop  for.  How  to  Form. . .  317 
Doors,  Single  and  Double,  height 

of 316 

Doors,  Trimmings  Explained. . . .  317 
Doors,  Uses  and  Requirements  of  315 

Doors,  Width  of 315 

Doors,  Should  not  be  Winding. ..  317 
Doors,  Width  and  Height,  Propor- 
tion of 315 

Doors.  Width,    Rule  for.   Height 

Given 316 

Doric  Order,  Character  of 16 

Doric  Order,  Grecian  Origin  of. .     16 
Doric  Order,  Modified  by  the  Ro- 
mans      27 

Doric  Order,  Used  by  Greeks  only 

at  First 19 

Doric  Order,  Peculiarities  of 17 

Doric  Order,  Rudeness  of 30 

Doric  Order,  Specimen  Buildings 

in 19 

Doric  Temples,  Fanciful  Origin 

of 17 

Doric  Temples 19 

Drawing,  Articles  Required 536 


Drawing*board 

Clamps , 537 

Drawing-board    Liable    lo   Warp, 

How  Remedied 537 

Drawing-board,       DiiBcully       in 

Stretching  Paper 539 

Drawing-board.  Ordinary  Sise. ...  536, 
Drawing,  Diagrams  aid  Under- 
standing    536 

Drawing,  Inking  in. 542 

Drawing,  Laying  Out  the. 541 

Drawing,  the  Paper 537 

Drawing  in  Pencil.  To  Make  IJnes  542 
Drawing,  Secure  Paper  to  Board.   537 

Drawing,  Shade  Lining 543 

Drawing.  Stretching  Paper 537 

Durability  in  a  Building 37 

Dwelling,  Arrangement  of  Rooms  3S 
Dwdlings,  Floor-beams,  To  Find 

Dimensions  127 

Dwellings.      Floor-beams,      Safe 

Weight  for ,, 126 

Dwelling-houses,  Dimensions  and 

Style 37 

Eaves  Cornice,  Designs  for. ......   335 

Eaves  Cornice,  Rule  for  Depth...  335  | 
Ecclesiastical  Architecture,  Point-  ' 

ed  Style 11 

Ecclesiastical  Style,  Origin  of 14 

Echinus,  Grecian  Moulding 3271 

Economy.    Construction    Floors,         1 

Roofs.  Bridges , 123  ' 

Eddystone  and    Bell  Rock    Light  | 

House. 48 

Egyptian  A  rchltccture 30 

£g}'ptian  Architecture,  Appropri- 
ate Buildings  for 33 

Egyptian  Architecture,  Ch-tracier 

of 33 

Egyptian  Architecture,  Origin    in 

t^avcms. 14  I 

Egyptian  Architecture.    Principal 

Features  of 30 

Egj'ptian    Columns.    Dimensions 

and  Proportions 33 

Egyptian  W-iUs,  Massiveness  of. .  33 
Egyptian  Worka  of  Art 30 


Elasticity  of  Materials S| 

Elasticity  not  Diminished  by  D^ 
flection , 

Elasticity,  Result  of  Exceeding 
Limit lao 

Elevation,  a  Front  View ,. 

Elevated  Tie-beam  Roof  Truss 
Objectionable.  ..... 

Ellipse,  Area , 

Ellipse,  Axes,  Two,  To  Find,  Di» 
ameter  and  Conjugate  Given... 

Ellipse  Defined 

Ellipse,  Equations  to  the  Curve,. 

Ellipse,  Major  and  Minor  Axe% 
Defined 

Ellipse,  Ordinates.  Length  of  ... 

Ellipse,  Parameter  and  Axis,  Re- 
lation of 

Ellipse,  Practical  Suggestions — 

Ellipse,  Semi-major.  Axis  Defined  48 

Ellipse,  Subtangent  Defined. 486 

Ellipse,  Tangent  to  Axes,  Rela- 
tion of 485 

Ellipse,  Tangent  with  Foci,  Rela- 
tion of 487 

Ellipsis,  Axes  of,  To  Find  (Geom- 
etry)   585 

Ellipsis, Conjugate  Diameters  (Ge^ 
ometry) 59J 

Ellipsis  Defined 54S,  585 

Ellipsis,  Diameter  Defined   .    .... 

Ellipsis,  Foci.  To  Find. . ., 

Ellipsis, by  Intersecting  Arcs.... 

Ellipsis,  by  Intersecting  Lines... 

Ellipsis,  by  Ordinaies 

Ellipsis,  Point  of  Contact  with 
Tangent,  To  Find 

Ellipsis,  Proportionate  Axes,  to 
Describe  with 

Ellipsis,  Trammel,  to  Find,  Axes 
Given > 

Elliptical  Arch,  Joints,  Directioa 
of 

English  Architecture,  Early. 

English  Cottage  Style  Extensive- 
ly Used 

England  and  France,  F6urte«itrli 
Cetttuty. 
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Entablature,  above  Columns  and 

Horizontal 14 

Entasis,  Swell  of  Shaft  of  Column    48 

Equal  Angles  Defined 349 

Equal  Angles,  Example  in.^ 350 

Equal  Angles,  in  Circle 358 

Equal  Angles  (Geometry) 553 

Equilateral     Rectangle,    to    De- 

scribe 568 

Equilateral  Triangle  Defined  (Ge- 
ometry)   545 

Equilateral  Triangle,  to  Construct 

(Geometry) 568 

Equilateral  Triangle,  to   Describe 

(Geometry) 566 

Eqilateral  Triangle,    to    In!u:ribe 

(Geometry) 569 

Equilateral  Triangle  (Polygons)..  445 

Eustyle  Defined.... 20 

Exponents,  Quantities  with  Nega- 
tive (Algebra) 423 

Extrados  of  an  Arch 52 

Face  Mould,  Accuracy  of,  Wind- 
ing Stairs 295 

Face  Mould,  Curves  Elliptical, 
Winding  Stairs 3CI 

Face  Mould,  Drawing  of.  Winding 
Stairs 296 

Face  Mould,  Sliding  of.  Winding 
Stairs 299 

Face  Mould,  Application  of.  Plat- 
form Stairs 275 

Face  Mould,  a  Simple,  Kell's 
Method  for  a68 

Factors,  Multiplication  (Algebra)  409 

Factors,  Two,  Squaring  Difference 
of  (Algebra) 4" 

Fibrous  Structure  of  Materials. . .     76 

Figure  Equal,  Given  Figure  (Ge- 
ometry)    575 

Figure.  Nearly  Elliptical,  To  Make 
(Geometry) 591 

Fillet  or  Amulet,  Classic  Mould- 
ing   323 

Fire-proof  Floors,  Action  of  Fire 
on i IJ3 

Flanges,  Cast-iron  Girder 163 


Flanges.  Area   of.   Tubular  Iron 
Girder 155 

Flanges,  Area  of  Bottom,  Tubular 
Iron  Girder 159 

Flanges,  Load  at  Middle  of  Cast- 
iron  Girder,  Sizes 162 

Flanges,  Load  Uniform  on  Tubu- 
lar Iron  Girder,  Sizes 156 

Flanges,  Proportion  of.  Tubular 

Iron  Girder 157 

!  Flexure,    Compared    with    Rup- 
ture      84 

Flexureof  Rafter 205 

Flexure.  Resistance  to.  Defined. .  145 

Floor-arches,-  How  Constructed. .  153 

Floor-arches,  Tie-rods,  Dwellings, 
Sizes 153 

Floor-arches,  Tie-rods,  First-class 
Stores,  Sizes 153 

Floor-beams,  Distance  from  Cen- 
tres, Sizes  Fixed 129 

Floor-beams,      Dwellings,      Safe 
Weight  for 126 

Floor-beams,   Dwellings,    Deflec- 
tion Given,  Sizes 127 

Floor-beams,  First-class    Stores, 
Defledion  Given,  Sizes 128 

Floor-beams,  Ordinary  Stores,  De- 
flection Given,  Sizes 127 

Floor-beams,  Stores,  Safe  Weight 
for 126 

Floor-beams,  Reference  to  Rules 
for  Sizes 125 

Floor-beams,  Reference  to  Tram- 
verse  Strains 126 

Floor-beams,        Proportion       of 
Weight  on  All 130 

Floors    Constructed,     Single     or 
Double 124 

Floors,  Fire-proof  Iron,  Action  of 
Fire  oq 143 

Floors,  Framed,  Seldom  Used...   124 

Floors,  Framed,  Openings  in 130 

Floors,  Headers,  Defined 130 

Floors,   Ordinary,    Effect  of  Fire 
on 143 

Floors,  Solid  Timber.   Dwellings 
and  Assembly,  Depth 143 
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Floors,  Solid    Timber,  First-class 

Stores,  Depth 144 

Floors,   Solid    Timber,  to    Make 

Fire-proof , 143 

Floors,  Tail-beams  Defined tjo 

Floors,  Trimmers  or  Carriage- 
beams  Defined 130 

Floors,  Wooden,  More  Fire-proof 

than  Iron.  Some  Cases 143 

Flyers    and     Winders,    Winding 

Stairs 251 

Foci  Defined 548 

Foci  of  Ellipsis  To  Find. .......  586 

Foci  of  FJIipsc,  Tangent 487 

Force  Diagr:im,    Load    on    Each 

Support 179 

Force    Diagratn,    Truss,  Figs.  59, 

68  and  6g 179 

Force  Diagram.  Truss,  Figs.  60,  70 

and  71 180 

Force    Diagram,    Truss,   Figs.  61, 

72  and  73 181 

Force    Diagram    Truss,  Figs.  63 

74  and  75 183 

Force    Diagram,  Truss,  Figs.  64, 

77  and  78 :84 

Force    Diagram,  Truss,    Figs.  65, 

78  and  79 185 

Force    Diagram^  Truss,    Figs.  66, 

SuandSi «86! 

Forces,  Parallelogram  of 59  ] 

Forces,  Composition  of 66 

Forces,  Cornposiijon,   Reverse  of         ( 

Resolution. ♦  . . . .     67  , 

Forces,  Resolution  of 59  1 

Forces,    Resolution    of,    Oblique 

Pressure 59 

Foundations.  Description   of. . . .     47  ' 
Foundations  in  Marshes,  Timbers  ] 

Used 47 

Fractions,  Addition,  Like  Denom- 
inators   382 

Fractions  Added  and   Subtracted 

(Algebra) 403 

Fractions  Changed  by  Division . .  3S0 

Fraclions  Defined 378 

Fractions,  Division,  Rule  for 389 

Fraclions,  Division  by  Factors...  381 


MCI 

Fractions  Divided  Graphicailj. . .  i^ 

Fractions  Graphicallt-   Expressed.  jTS 

Fractions,  Improper,  Defined 380 

Fractions,  Least  Common  Denom- 
inator..f T 3S4 

Fraclions.  Multiplication.  Rule...  3*7 

Fractions  Multiplied  Graphically.  386 

Fractions,  Numerate; and  Denom- 
inator  

Fraclions,  Reduce  Mixed  Num- 
bers , 

Fractions,  Reduction  to  Lowest 
Terms 584 

Fractions  Subtracted  (Algebra). ..  41DJ 

Fractions.  Subtraction  Like  De- 
nomin.iiors 

Fraclions,  Unlike  Denominators 
Equalized 3^] 

Framed  Beams,  Thickness  of. 
Rules lya 

Framed  Girder,  Bays  Debned.-..  1*7 

Framed  Girders,  Compression  and 
Tension,  Dimensions 174 

Framed  Girders,  Construction 
and  Uses 

Framed  Girders,  Height  and 
Depth 

Framed  Girders,  Kinds  of  Pres- 
sure  

Framed  Girders,  Long.  Coostiuc- 
I  ion  of 

Framed  Girders,  Panels  on  Under 
Chord,  Table  of 

Framed  Girders,  Ties  and  Struts. 
EfTcct  of r 

Framed  Girders,  Triangular  Pres> 
sure.  Upper  Chord lil 

Framed  Girders.  Triangular  Pre^ 
sure,  Both  Chords 

Framed  Openings  in  Floors...... 

Framing  Beams,  Effect  of  Splic* 
ing 

Framing  Roof  Truss ,, 

Framing  Roof  Truss,  Iron  Sttapa, 
Si2c  of , . 

France  and  England,  Fourtveatk 
Century u 

Friction,  Effect  of 
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Frieze   between    Architrave   and 

Cornice 15 

Furring  Defined...... 125 

Gable,  a  Pediment  in  Gothic  Ar- 
chitecture      15 

Gaining  a  Beam  Defined 100 

General  Contents,  Table  of. . .  .613-624 
Geometrical    Progression    (Alge- 
bra)  435 

Geometry,    Angles    of   Triangle, 

Three,  Equal  Right  Angle 354 

Geometry   Chords   Giving   Equal 

Rectangles 363 

Geometry  Defined '.  544 

Geometry,  Divide  a  Given  Line. .  555 
Geometry,  Divisions  in  Line  Pro- 
portionate   583 

Geometry,  Elementary. 347 

Geometry,  Equal  Angles 553 

Geometry,     Equal     Angles,    Ex- 
ample  350 

Geometry,  Figure  Equal  to  Given 

Figure,  Construct 575 

Geometry,  Figure  Nearly  Ellipti- 
cal by  Compasses 591 

Geometry,  Measure  an  Angle. . . .  34S 
Geometry  Necessary  in  Hand  rail- 
ing. Stairs 257 

Geometry,  Opposite  Angles  Equal.  354 

Geometry,  Parallel  Lines 555 

Geometry,  a    Perpendicular,    To 

Erect 550 

Geometry, Perpend  icular,let  Fall  a.  551 
Geometry,  Perpendicular,  Erect  at 

End  of  Line 551 

Geometry,  Perpendicular,  Let  Fall 

Near  End  of  Line ^53 

Geometry,  Plane  Defined  (Stairs).  257 

Geometry,  Point  of  Contact 558 

Geometry,    Points,  Three  Given, 

Find  Fourth 559 

Geometry,  Right  Line  Equal  Cir- 
cumference     566 

Geometry,  Right   Lines,  Propor- 
tion Between 584 

Geometry,     Right     Lines,     Two 
Given,  Find  Third 582 


Geometry,  Square  Equal  Rec- 
tangle, To  Make 581 

Geometry,  Square  Equal  Given 
Squares,  To  make 577 

Geometry,  Square  Equal  Triangle, 
To  Make '. ...  582 

German  or  Romantic  Style,  Thir- 
teenth and  Fourteenth  Centuries.     11 

Girder,  Bearings,  Space  Allowed 
for 141 

Girder,  Bow-String,  Cast-Iron, 
Should  not  be  Used 163 

Girder,  Bow-String,  Substitute  for.  163 

Girder,  Construction  with  Long 
Bearings 140 

Girder,  Cast- Iron,  Load  -Uniform, 
Flanges 163 

Girder,  Cast-iron,  Load  at  Middle, 
Flanges 162 

Girder,  Cast- Iron,  Proper  Form 
of 161 

Girder  Defined,  Position  and  Use 
of 140 

'Girder,  Different  Supports  for. . . .  140 

Girder,  Dwellings,  Sizes  for 141 

Girder,  Framed,  Bays  Defined... .   167 

Girders,  Framed,  Compression 
and  Tension,  Dimensions 174 

Girder,  Framed,  Construction  of..  140 

Girder,  Framed,  Construction  and 
Uses 4 166 

Girder,  Framed,  Construction  of 
Long 1 74 

Girder,  Framed,  Kinds  of  Pres- 
sure   173 

Girders,  Framed,  Height  and 
Depth 167 

Girders,  Framed,  Panels  on  Under 
Chord,  Table  of. 167 

Girders,  Framed,  Triangular  Pres- 
sure Upper  Chord ib8 

Girders,  Framed,  Triangular  Pres- 
sure Both  Chords 171 

Girders,  Framed,  and  Tubular 
Iron 140 

Girders,  First-Class  Stores,  Sizes 
for 141 

Girders,  Sizes,  To  Obtain 141 
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Girderi,   Strengthening,  ^Manner 

of 140 

Girdert,  Supports,  Length  of,  Rule.  157 
Girders,  Tubular  Iron,  Construc- 
tion of 154 

Girders,   Tubular   Iron,  Area    of 

Flange,  Load  at  Middle 154 

Girders,  Tubular  Iron,   Area    of 

Flange,  Load  at  any  Point 155 

Girders,   Tubular    Iron,  Area  of 

Flange.  Load  Uniform 156 

Girders,  Tubular  Iron,  Dwellings, 

Area  of  Bottom  Flange 159 

Girders,  TubuLir  Iron,  Firsl-Class 

Stores,  Area  of  Bottom  Flange..  160 
Girders,  Tubular  Iron,  Rivets,  Al> 

lowance  for 157 

Girders,  Tubular  Iron,   Flanges, 

Proportion  of 157 

Girders,  Tubular  Iron,   Shearing 

Strain 157 

Girders,  Tubular  Iron.Web,  Thick- 
ness of 158 

Girders,  Wcikcning,  Manner  of. .  140 
tlirdcrs,  Wooden,  Objectionable.  154 
Girders,     Wooden,     Supporting, 

Manner  of 154 

Glossary  of  Terms 627-637 

(iothic  Arches 51 

Gothic  Buildings.  Roofs  of 55 

Gothic  and   Norman  Rodfs.  Con- 

stiuclion  of 17S 

Gothic  Pillar,  Form  of 4S 

Gothic  Stvie,  Characteristics  of. . .     12 

Goths.  Ruins  Caused  by I3 

Gianul.»r  Stiucture  of  Materials..     76 

Gravity.  Centre  of.  Position 71 

Gr-a\  itv.  Centre  ot.  Examples,  and 

Ku'.e  lor 71 

Grec;an  Architecture.  Hrstory  of.       c 

iiie^tan  A;t.  r!e.:ance  ol 27 

G'.rc.an  Mou;d:ni:.  Cyma-Recra..  327 
G;iV.»n      Mou".J.;ig.       Cxn.a-Re- 

ve:'sa 32? 

vJ:ec  an    Mou'.x::"^,    l\-h-.r.;;s  and 

vaveito 32" 

G:e.- ir.  Moul>-   ■.:.  Scoiia 32? 

Grec  aa  Moulcisc.  Torus 32c 


Grecian  Orders  Modified  by  the 

Romans xj 

Grecian  Origin  of  the   Doric  Or 

der 16 

Grecian  Origin  of  Ionic  Order  ...  16 

Grecian  Style  in  America 13 

Grecian    Styles,    their    Different 

Orders 16 

Greek  Architecture,  Doric  Order 

Used 19 

Greek  Building 35 

Greek  Moulding,  Form  of 325 

Greek,   Persian,   and   Caryatides 

Orders 34 

Greek  Style  Originally  in  Wood..  14 
Greek    Styles    Only    Known    by 

Them 16 

Groined  or  Complex  Vault 5a 

Halle  du  Bled,  Paris,  Dome  of. . .    54 

Halls  of  Justice,  N.  Y.  C,  Speci- 
men of  Eg>'piian  Architecture. .      8 

Handrailing,  Circular  Stairs 278 

'  Handrailing,  Platform  Stairs.    ...  269 
.  Handrailing,  Platform  Stairs.  Face 

I      Mould 264 

;  Handrailing,      Platform       Stairs. 
Large  Cylinder 271 

Handrailing      Stairs.      Geometry 
Necessary 257 

Handrailing  Stairs,"  Out  of  Wind" 
Defined 257 

Handrailing  Stairs.  Tools  L'sed..  257 

Handrailing.  Winding  Stairs. .256,  2S9 

Handrailing  Winding  Stairs,  Bal- 
usters Cnder  Scroll 3:0 

Handrailing.       Winding      Stairs, 
Centres  in  Square 3ci 

Hanvirai'.'n.:.  Winding  Stairs^  Face 
to:  Sv-ro::   311 

Harira'.nc.  W.ndiag  Srairs.  Fal!- 
i^K  M;-:i r. 3:0 

Ha:..:-a;'.ir.f  W  airrj:  >ia:rs.  G«i- 
era!  C 'r.>:.:;:i:-..T.$ 25? 

Ui.T.Z'i.-;       W-;=c       Scars. 
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Handrailing,     Winding      Stairs, 

Scroll  Over  Curtail  Step 309 

Handrailing,      Winding      Stairs, 

Scroll  for  Curtail  Step 310 

Headers,  Breadth  of. 130 

Headers  Defined 130 

Headers,  Mortises,  Allowance  for 

Weakening  by 131 

Headers,  Stores  and    Dwellings, 

Same  for  Both 132 

Hecadecagon,    Complete    Square 

(Polygons) 458 

Hecadecagon,   Radius  of  Circles 

(Polygons) 455 

Hecadecagon,  Rules  (Polygons). .  459 
Hecadecagon,     Side     and    Area 

(Polygons) 457 

Height  and  Projection,  Numbers 

of  an  Order 16 

Hemlock,  Weight  per  Foot  Super- 
ficial   177 

Heptagon  Defined 546 

Herring-bone  Bridging  Defined...  137 

Hexagon  Defined 546 

Hexagon,  To  Inscribe 569 

Hexagons,  Radius  of  Circles 447 

Hexastyle,  Intercolumniation. . . .     20 
Hindoo     Architecture,    Ancient, 

Character  of 30 

Hip-Rafter,  Backing  of 216 

Hip-Roofs,   Diagram   and  Expla- 
nation  • 215 

History  of  Architecture 44 

Hogged  Ridge  in  Roof  Truss. . . .  938 
Homologous     Triangles    (Geom- 
etry)   362 

Homologous     Triangles     (Ratio 

and  Proportion) 370 

Hooke's  Theory  of  an  Arch 50 

Hooke's    Theory,    Bridge    Arch, 

Pressure  on 51 

Hooke's  Theory,  Catenary  Arch. .     51 
Horizontal  and  Inclined  Roofing, 

Weight igo 

Horizontal  Pressure  on  Roof,  To 

Remove 74 

Horizontal  Thrust  in  Beams 72 

Horizontal  Thrust,  Tendency  of. .     88  I 


Hut,  Original  Habitation 13 

Hydraulic  Method,  Testing 
Woods 80 

Hyperbola  Defined 548,  585 

Hyperbola,  Height,  To  Find,  Base 
and  Axis  Given 585 

Hyperbola  by  Intersecting  Lines.  595 

Hypothenuse,  Equality'  of  Squares 
(Algebra) 416 

Hypothenuse,  Formula  for  (Trig- 
onometry)   516 

Hypothenuse,  Side,  To  Find  (Ge- 
ometry)   579 

Hypothenuse,  Right  Angled  Tri- 
angle (Geometry) 355 

Hypothenuse,  Triangle  (Trigo- 
nometry)   518 

Ichnographic  Projection,  Ground 

Plan 37 

Improper  Fractions  Defined 380 

India  Ink  in  Drawing 540 

Inertia,  Moment  of.  Defined 145 

Inking-in  Drawing 542 

Inside  Shutters  for  Windows,  Re- 
quirements   319 

Instruments  in  Drawing 540 

Intercolumniation  Defined 17 

Intercolumniation  of  Orders 20 

Intrados  of  Arch 52 

Ionic  Order,  Character  of. 16 

Ionic  Order,  Grecian  Origin  of. . .  16 
Ionic  Order  Modified  by  the  Ro- 
mans   27 

Ionic  Order,  Origin  of 20 

Ionic   Order,   Suitable   for 'What 

Buildings 20 

Ionic  Volute,  To  Describe  an. . . .  20 
Iron  Beams,  Breaking  Weight  at 

Middle X48 

Iron  Beams,  Deflection,  To  Find, 

Weight  at  Middle 147 

Iron  Beams,  Deflection,  To  Find, 

Weight  Uniform 150 

Iron  Beams,  Dimensions,  To  Find, 

Weight  any  Point 149 

Iron  Beams,  Dimensions,  To  Find, 

Weight  Uniform 149 
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Iron  Beams,  Dwellings,  Distance 
from  Centres 151 

Iron  Beams,  Firsi-Class  Storey, 
Distance  from  Centres 152 

Iron  Beams,  Rectangular  Cross- 
Section 145 

Iron  Beams.  Rolled,  Sizes 145 

Iron  Beams,  Safe  Weight,  Lotid 
any  Point 148 

Iron  Beams,  Safe  Weight.  Load 
Uniform , 151 

Iron  Beams,  Table  IV 146 

Iron  Beams,  Weight  at  Middle. 
Delkciion  Gix-cn 146 

Iron  Fire  Proof  Floors,  Action  of 
Fire  On 143 

Iron  Straps.  Framing,  to  Prevent 
Rusting ,, 239 

Irregular  Polygon,  Trigon  (Gcom- 
etrj). 546 

Isosceles  Triangle  Defined 545,  584 

Italian  Architecture,  Thirteenth, 
Fourteenth,  and  Fifteenth  Cen- 
turies ,......,..     12 

Italian  Use  of  Roman  Styles 13 

Italy,  Tuscan  Order  the  Principal 
Style 30 

Jack-Rafiers,  Location  of 2t2 

Jack-Rafters  and   Purlins  in  Roof.   2ii 
Jack-Rafters,  Weight  per  Superfi- 
cial Foot 189 

Joists  and  Studs  Defined 174 

Jupiter,  Temple  of,  at  Thebes,  Ex- 
tent of 33 

Kell's      Method,     Simple      Face 

Mould,  Stairs 268 

Keystone  for  Arch,  Position  of . . . .      50 
King-Post,  Bad   Framing,   Effect 

of 237 

King-Post,  Location  of 213 

King-Post  in  Roof 54 

Lamina  in  Girders  Defined 174 

Lancet  Arch...... 51 

Lateral  Thrust  in  Arch 52 


Laws  of  Pressure n 

Laws   of   Pressure,  Inclined.  Es> 

amples 57 

Laws  of  Pressure,  Vertical,  Exam- 
ples     57 

Leaning    Tower     or    Campanile, 

Twelfth  Century It 

Length,    Breadth,    or    Thickness, 

Relation  to  Pressure, .....    jl 

Lever,     Breadth     or     Depth,    To 

Find lit 

Lever,  Deflection  as   Relating  to 

Beam II9 

Lever,  Deflection,  Load  at  End.,  tao 
Lever.  Defleciioo,  Load  Uniform,  rtl 
Lever,     Deflection,     Breadth     or 

Depth,  Load  at  End .,  ttl 

Lever,     Deflection,     Breadth     or 

Depth,  Load  Uniform 12a 

Lever,  Dedeciion.Load  Required.  TSi 
Lever  Formula.  Proportionals  in 

(Algebra) 4tt 

Lever   Load    Uniformly     Distrib- 
uted  Ml 

Lever,  Ijoad  at  One  End * .  tn 

Lever     Principle      Demonstrated 

(Raiio) 375_ 

Lever,  Support,  Relative  Strength 

of  One .,,,,,, 

Light-Houses,  Eddysione  and  BeU 

Rock 

Line  Defined  (.Geometry). 

Lines,  Divisions  in.  ProponioMU* 

(iJeometry) Sij 

Linlel,  Position  of. ...,...,.,«»»» 
Lintel,  Strength  of. ....'..  .».*..,« 

Load,  per  fool,  Horisontal 

Load  on  Roof  Truss,  per  Superfi* 

cial   Foot 

Load  on  Tie-Bcanff,  Ceiling,  etc. 

Lock  Rail  for  Doors.  Width 

Logarithms  Explained  (Algebra)., 

Logarithms,  Examples 

Logarithms.   Sine    and   Tangents 

(Polygons) - 4^1 

Ixtmbard,  Byzantine  Style ,• 

Lombard  Style.  Seventh  Centttlj. 
London  Bridge,  Piles,  Age  of. . . . 
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PACK 

Materials,  Cohesive  Strength  of. .     76 
Materials,    Compression,    Resist- 
ance to 77 

Materials,  Cross-strain,  Resistance 

to 77 

Materials,  Structure  of 76 

Materials,  Tension,  Resistance  to.     77 
Materials    Tested,    General     De- 
scription       80 

Materials,  Weights.  Table  of. .    . .  654 
Major  and  Minor  Axes  of  Ellipse 

Defined 481 

Marshes,  Foundation  for  Timbers 

in 47 

Mathematics  Essential 347 

Maxwell,  Prof.  I.  Clerk,  Diagrams 

of  Forces,  etc 165 

Memphis,   Pyramids  of,  Estimate 

of  Stone  in 33 

Minster,  Tower  of  Strassburg....     li 
Minutes,    Sixty  Equal    Parts,    to 

Proportion  an  Order 15 

Mixed  Numbers  in  Fractions,  To 

Reduce 381 

Modern   Architecture,   First   Ap- 
pearance of. 9 

Modern  Tuscan,  Appropriate  for 

Buildings 30 

Moment  of  Inertia  Defined 145 

Mono-triglyph,  Explanation  of  the 

Word 19 

Monuments,  Ancient,  Their  Archi- 
tects        6 

Moorish  and  Arabian  Styles,  An- 
tiquities of II 

Mortises,  Proper  Location  of. . . .  100 
Mortising,      Beam,      Effect      on 

Strength  of 100 

Mortising  Beam  at  Top,  Injurious 

Effect  of 100 

Mortising  Beam,  EfTect  of 231 

Mortising,  Beam,  Position  of . . . .  236 
Mortising  Headers,  Allowance  for 

Weakening  131 

Moulding,    Classic,     Astragal  or 

Bead 323 

Moulding,    Classic,    Annulet   or 
Fillet 323 
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Mouldings,  Classic  Architecture.  323 
Moulding,    Classic,    Cavctio     or 

Cove 323 

Moulding,  Classic,  Cyma-Recta. .  324 
Moulding,  Classic,  Cyma-Rcversa.  324 

Moulding,  Classic,  Ogee 324 

Moulding,  Classic,  Ovolo 323 

Moulding,  Classic,  Scotia 323 

Moulding,  Classic,  Torus 323 

Mouldings,  Common  to  all  Or- 
ders   324 

Mouldings  Defined 323 

Mouldings,  Diagrams  of. 330 

Mouldings,Doors,  Rule  for  Width.  317 
Moulding,  Grecian,  Cyma-Rccta.  327 
Moulding,     Grecian,     Cyma-Rc- 
versa  328 

Moulding,  Grecian   Echinus   and 

Cavetto 327 

Mouldings,  Greek,  Form  of. 325 

Mouldings,   Grecian    Torus   and 

Scotia 326 

Mouldings,  Modern 331 

Moulding,  Modern,  Anta:  Cap...  334 
Mouldings,  Modern  Interior,  Dia- 
grams   33a 

Mouldings,  Modern,  Plain 333 

MouIdings,Names,  Derivations  of.  324 

Mouldings,  Profile  Defined 326 

Mouldings,  Roman,  Forms  of. . . .  325 
Mouldings,  Roman,Comments  on.  329 
Mouldings,    Roman,    Ovolo    and 

Cavetto 329 

Mouldings,Uses  and  Positions  of.  324 

Multiplication  (Algebra) 408 

Multiplication,   Plus    and   Minus 

(Algebra) 4^5 

Multiplication,  Three  Factors  (Al- 
gebra).'.   408 

Multiplication,  Fractions 387 

Newel  Cap,  Form  of.  Winding 
Stairs 312 

Nicholson's  Method,  Plane 
Through  Cylinder  (Stairs) 259 

Nicholson's  Method,  Twists  in 
Stairs 259 

Nonagon  Defined 546 
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Normal  and  Subnormal  in  Para- 
bola   49<i 

Norman  and  Gothic  Construction 
of  Roofs T78 

Norman  Stylo,  Peculiarities  of. . .      11 

Nosing  and  Tread,  Position  in 
Stairs 341 

Oblique  Angle  Defined 544 

Oblique    Pressure,    Resolution  of 

Forces 59 

Oblique  Triangle,  Difference  T»ro 

Angles  (Trigonometry) 523 

Oblique     Triangle,    First     Class 

{Trigonometry) 520 

Oblique    Triangles.    First    Class, 

Formula;  (Trigonometry) 531 

Oblique  Triangles,  Second  Class 

(Trigonometry). 522 

Oblique  Triangles,  Second  Class, 

Fofmulaj  (Trigonometry) 532 

Oblique    Triangles,  Third    Class 

(Trigonomelr)'). . . . , 526 

Oblique    Triangles,  Third    Class, 

Formula?  (Trigunomctfy) 534 

Oblique   Triangles,  Fourth  Class 

(Trigonometry) 52S 

Oblique  Triangles,  Fourth  Class. 

Formula:  (Trigonometry). ......   534 

Oblique     Triangles,    Two     Sides 

(Trigonometry) 5'* 

Oblique     Triangles,     Sines     and 

Sides  (Trigonometry) 519 

Obtuse  Angle  Defined . .  .349,  544 

Obtuse  Angled  Triangle  Defined.  545 
Oclsgon,    Buttressed,    Find    Side 

(Geometri')- 571 

Octagon  Defined  546 

Octagon,      Diagonal      of    Square 

Forming 357 

Octagon,  Inscribe  a  (Geometry). .   570 

Octagon,  Rules  (Polygons) 451 

Octagon,  Radius  of  Circles  (Poly* 

gons) 449 

Octasiyle.  Intercolumniation 20 

Ogc'c  Mouldings,  Classic 324 

Opposite  Anples  Equal  (Geome- 
try)   354 


Order     of    Architecture. 

Principal  Parts, , 

Orders  of  Architecture,    i'crsians 

and  Caryatides. .^    24 

Ordinates  to  an  Arc  (t^ootsetry). .  56] 

Ordinates,  Circle.  Rule  for 471 

Ordinates  of  Ellipse   

Ostrogoths,  Style  of  the 

Oval.  To  Describe  a  (Ccomctrj).. 
Ovolo.  Classic  Moulding.........  jt) 

Ovolo,  Roman  Moulding.  .    .  13 

Paper.  The.  in  Drawing.  Secure  to 
Board 

Pantheon  at  Rome.  Dome  of,  aod 
Walls 

Pantheon  and  Roman  Building*, 
Walls  of ,.    49 

Parabola,  Arcs  DL-sciibed  from...  $03 

Parabola.  Area.  Rulu  fur 509 

Parabola.  Axis  and  Base.  10  find 
(Geometry) 5*5 

Parabola.  Curve.  Equations  to... .  49J 

Parabola  Defined  

Parabola  Defined  {Geometry). .548. ; 

Parabola.  Diameters 

Parabola  Described  from  OrdU 
nates 

Parabola  Described  front  Diaiae- 
tcrs ......,, 

Parabola  Described  from  PoinU^. 

Parabola  of  Dome  Computed .... 

Parabola,  General  Rules 

Parabola  by  Intersecting  Lines... 

Parabola  Mechanically  Described. 

Parabola,  Normal  and  Subnor- 
mal  

Parabola,  Ordinate  Defined 

Parabola, Subtangcnt... •...«... .  496 

Parabola,  Tangent 493 

Parabola,  Vertical  Tangent  De- 
fined  495 

Parabolic  Arch,  Direclioq  of 
Joints SJ4 

Parallel  Lines  Defined. ..........  544 

Parallel  Lines  (Geometry) 5$$ 

Parallelogram,  Construct  a.......  576 

Parallelogram  Defined. 545 
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Parallelogram  Equal  to  Triangles, 

To  Make 576 

Parallelogram  of  Forces,   Strains 

by 165 

Parallelograms    I'roportioned    to 

Bases  (Geometry) 360 

Parallelogram      in      Quadrangle  • 

(Geometry) " 364 

Parallelogram,  Same  Base  (Geom- 
etry)  : 352 

Parameter  Defined 54S 

Parameter,  Axes  (Ellipse) 485 

Parthenon  at  Athens,  Columns  of.    4S 
Partitions,  Bracing  and  Trussing.  176 

Partitions,  Hoiv  Constructed 174 

Partition,  Door  in  Middle,  Con- 
struction    175 

Partition,  Doors  at  End, Construc- 
tion of 176 

Partition,   Great    Strength,    Con- 
struction    176 

Partitions,  Location  and  Connec- 
tion      175 

Partitions,  Materials,  Quality  of. .  175 
Partitions,  Plastered,  Ppper  Sup- 
ports for 175 

Partitions,  Pressure  on.  Rules 177 

Partitions,  Principal,  of  what  Com- 
posed   175 

Partitions,  Trussing  in.  Effects  of.  175 
Pedestal,    a    Separate    Substruc- 
ture      14 

Pediment,     Triangular     End     of 

Building 15 

Pencil  and  Rulers,  Drawing 540 

Pentagon  Defined 546 

Pentagon,  Circumscribed  Circles 

(Polygons) : 463 

Perpendicular  Height  of  Roof,  To 

find , 579 

Perpendicular,  Erect  a 550 

,  Perpendicular,  Erect  a,  at  End  of 

Line 551 

Perpendicular,  Let  Fall  a 551 

Perpendicular,  Let  Fall  a,  at  End 

of  Line 553 

Perpendicular     Style,     Fifteenth 
Century 12 ' 
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Perpendicular  in  Triangle  (Poly- 
gons)   440 

Persians,  Origin  and  Description 

of 24 

Persians  and  Caryatides,   Orders 

Used  by  Greeks 24 

Piers,  Arrangement,  in  City  Front 

of  House 44 

Piers,  Bridges,  Construction  and 

Sizes 228 

Piles,  London  Bridge,  Age  of. . . .  229 
Pine,    White,    Beams,    Table    of 

Weights  for 177 

Pisa,  Cathedral  of.  Eleventh  Cen- 
tury      12 

Pisa,    Cathedral  of,    Erection  in 

1016 12 

Pise  Wall  of  France 49 

Pitch  Board,  To  Make,  for  Stairs.  247 

Pitch  Board,  Winding  Stairs 252 

Plane  Defined 257 

Plane  Defined  (Geometry) 544 

Plank,Weight  of,on  Roof,  per  foot.  189 
Plastering,    Defective,    To    what 

Due 174 

Plastering,  Strength  of 174 

Plastering,  Weight  per  foot 177 

Platform    Stairs,    Baluster,   Posi- 

tion  of 250 

Platform  Stairs  Beneficial 240 

Platform  Stairs,  Cylinder  of. 248 

Platform  Stairs.  Cylinder,  Lower 

Edge 249 

Platform  Stairs,  Face  Mould,  Ap- 
plication of  Plank 273 

Platform     Stairs,    Face     Mould, 

Handrailing  in 264 

Platform  Stairs,  Face  Mould,  Sim- 
ple Method 267 

Platform     Stairs,    Face     Mould, 

Moulded  Rails. 274 

Platform  Stairs,  Face  Mould,  Ap- 
plication of 275 

Platform  Stairs,  Face  Mould  With- 
out Canting  Plank 272 

Platform  Stairs,  Handrail  to 269 

Platform  Stairs,  Handrailing  Large 
Cylinder 271 
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Plaiform    Stairs,   Railing   Where 

Rake  Meets  Level 27a 

Platfornn    Stairs,  Twist-Rail,  Cut- 
ting of 277 

Platform  Stairs,  Wreath  of  Round 

Rail 267 

Point  of  Contact  (Geometry) 558 

Point  Defined  (Geometry) 544 

Pointed  Style,  Ecclesiastical  Arch- 
itecture. ..,,,. , II 

Polygons,  Angles  of 462 

Polygons,  Circumscribed  and  In- 
scribed Circles,  Radius  of 460 

Polygons  Defined  (Geometry). . . .   546 
Polj'gons,  Equilateral  Triangle. ..   445 

Polygons,  General  Rules 461 

Polygons,  Irregular,  Trigon  (Ge- 
ometry)   546 

Polygons,  Perpendicular  in  Tri- 
angle   440 

Polygon,  Regular.  Defined  (Geom> 

ctry) 546 

Polygons,  Regular,  To   Describe 

(Geomctrj') , ..  573 

Polygons,  Regular,  To  Inscribe  in 

Circle  (Geometry) 572 

Polygons,    Sum   and     Difference, 

Two  Lines 439 

Polygons,  Table  Explained 466 

Polygons,  Table  of  Multipliers. ..  465 
Polygons,  Triangle,  Altitude  of.,  443 
Polygonal  Dome,  Shape  of  Angle- 
Rib. 223 

Posts,  Area, To  Find. 86 

Posts,  Diameter,  To  Find 9a 

Posts,  Rectangular,  Safe  Weight..    93 
Posts,  Rectangular,To  Find  Thick- 
ness      94 

Posts,  Rectangular,  Breadth  Less 

than  Thickness 96 

Posts,      Rectangular,     To      Find 

Breadth 95 

Posts,  To  Find  Side 93 

Posts,  Slender,  Safe  Weight  for. .     91 
Posts,  Stout. Crushing  Strength  of,     89 

Pressures  Classified 85 

Pressure.  Oblique,  Resolution  of 
Forces 59 


Pressure,  Triangular.  Framed 
Girders. 171" 

Pressure,  Upper  Chord,  Triangu- 
lar Girder i( 

Prisms  Cut  by  Oblic^e  Plane 

Prisms  and  Cylinders,  Stair-Build- 
ing  

Prisms  Defined  (Stairs) ^57, 

Prism,  Top,  Form  of,  in  Perspec- 
tive.  ,. 

Profile  of  Mouldings  Defined. . . . 

Progression,  Arithmetical  (Alge- 
bra)  4] 

Progression.Geometrical  (Algebra) 

Projection  and  Height,  Members 
of  Orders  of  Architecture 

Protractor,  Useful  in  Drawing... 

Purlins  and  jack-Rafters  in  Roof.  2I 

Purlins,  Location  of. aia 

Pyramids  of  Memphis,  Amount  ot 
Stone  in .,4, 

PycnoBtylc,  Explanation  of 

Quadrangle  Defined , 545 

Quadrangle  Equal  Triangle. .....   353 

Quadrant  Defined J47 

Quantities,    Addition    and     Sub. 

traction  (Algebra) 

Quantities,  Division  of  (Algebra). 
Quantities,  Multiplication  of  (Al« 

gebra) 

Queen-Post,  Location  of 2| 

Queen-Post  in  Roof 

Radials  of  Rib  in  Bridge 2| 

Radials  of  Rib  for  Wedges aJ 

Radicals,  Extraction  of  (Algebra). 

Radius  of  Arc, To  Find $t 

Radius  of  Circle  Defined 547 

Rafters,  Braces,  etc..  Length,  To 

Find 5« 

Rafters,  Least  Thrust.  Rule  for.. . 

Rafters,  Length  of.  To  Find 57S 

Rafters,  Liability  to  Crush  Other 

Materials 90$ 

Rafters,  Liability  to  Being  Crushed  MS 

Rafters,  Liability  to  Flexure 305 

Rafters,  Minimum  Thrust  of. . « ..    69 
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Rafters  in  Roof,  Effect  of  Weight 
on 179 

Rafters  in  Roof,  Strains  Subjected 
to 205 

Rafters  and  Tie>Beams,  Safe 
Weight 87 

Rafters,  Uses  in  Roof 54 

Rake  in  Cornice  Matched  with 
Level  Mouldings 344 

Railing,  Platform  Stairs  Rake 
Meets  Level 272 

Ratio  or  Proportion,  Equals  Mul- 
tiplied    367 

Ratio  or  Proportion.  Equality  of 
Products 370 

Ratio  or  Proportion,  Equality  of 
Ratios 367 

Ratio  or  Proportion  Equation, 
Form  of 367 

Ratio  or  Proportion,  Examples...  366 

Ratio  or  Proportion,  Four  Propor- 
tionals, to  Find 377 

Ratio  or  Proportion,  Homologous 
Triangles 370 

Ratio  or  Proportion,  Lever  Prin- 
ciple in 372 

Ratio  or  Proportion,  Lever  Prin- 
ciple Demonstrated 375 

Ratio  or  Proportion,  Multiply  an 
Equation 368 

Ratio  or  Proportion.  Multiply  and 
Divide  One  Number 368 

Ratio  or  Proportion,  Rule  of 
Three 366 

Ratio  or  Proportion,  Steelyard  as 
Example  in 371 

Ratio  or  Proportion,  Terms  of 
Quantities 367 

Ratio  or  Proportion,  Transfer  a 
Factor 369 

Rectangle  Defined 545 

Rectangle,  Equilateral,  To  De- 
scribe     568 

Rectangular  Cross-Section,  Iron 
Beams 145 

Reduction  Cubic  Feet  to  Gallons, 
Rule 653 

Reduction  Decimals,  Examples..  647 


PACK 

Reflected  Light,  Opposite  of 
Shade 611 

Regular  Polygon  in  Circle,  To  In- 
scribe (Geometry) 572 

Regular  Polygon  Defined  (Geom- 
etry)   546 

Regular  Polygons,  To  Describe 
(Geometry) 573 

Resisunce,  Capability  of 86 

Resistance  to  Compression,  .\p- 
plication  of  Pressure 85 

Resistance  to  Compression, 
Crushing  and  Bending 85 

Resistance  to  Compression,  Mate- 
rials      77 

Resistance  to  Compression,  Pres- 
sure Classified 85 

Resistance  to  Compression  in 
Proportion  to  Depth loi 

Resistance  to  Compression,  Stout 
Posts,  Rule 89 

Resistance  to  Compression,  Table 
of  Woods 79 

Resistance  to  Cross-Strains 77 

Resistance  to  Cross-Strains  De- 
fined      99 

Resistance  to  Deflection,  Rule 113 

Resistance  Depending  on  Com- 
pactness and  Cohesion 78 

Resistance  Depending  on  Loca- 
tion, Soil,  etc 79 

Resistance  to  Flexure  Defined. .  .   145 

Resistance  Inversely  in  Propor- 
tion to  Length. 102 

Resistance  to  Oblique  Force 206 

Resistance,  Power  of,  IIow  Ob- 
tained      78 

Resistance,  Proportion  to  Area. . .     86 

Resistance,  Strains,  To  What  Due.     78 

Resistance  to  Tension  Greatest 
in  Direction  of  Length 81 

Resistance  to  Tension,  Proportion 
in  Materials 81 

Resistance  to  Tension,  Table  of 
Materials 82 

Resistance  to  Tension.  Materials.     77 

Resistance  to  Tension,  Results 
from  Transverse  Strains 82 
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Resistance  to  Transverse  Strains,  . 

Table  of. »  83 

Resistance  to  Transverse  Strains, 

Description  nf  Table 84 

Resistance  VaTi;iblc  in  One  Ma- 
terial    79 

Reticulated  Walls 49 


Roman  Architecture.  Ruins  of. .  , 
'  Roman    .Architecture,    Excess    of 

I      Eniichmcnt 

,  Roman  Building 

Roman  Compobite  ami  Corinthian 
Orders.. .......,,,. 

Roman  Decoration ... 


II 


Rhomboid  Defined , 546    Rom.in  Empire,  Overthrow  of, 


Rhombus  Defined 545 

Ribbed  Bridge,  Area  of  Rule 225 

Ribbed  Bridge.  Built 224 

Ribbed  Bridge,  Least   Rise,  Table 

of 4 224 

Right  .'\ngle  Defined 348,  544 

Riglit   .'ingle   in   Semicircle  (Gc- 

omeiri-) 355 

Right  .Angle,  To  Trisect  a. ..... ,  554 

Right  Angled  Triangle  Defined..   545 
Right   .Angled   Triangle,  Squares 

on  (Algebra) 417 

Right    Angled    Triangles  (Trigo- 
nometry). . , 5to 

Right  .Angled  Triangles.  Formula 

for  (Trigonometr)-) 530 

Right  Lines  (Geometry).   ........   584 

Right  Line  Equal  Circumlerence.  566 
Riglu  Lines,  Mean  Proportionals 

Belivt'cn , 584 

Right    Lines,   Two    Given,    Find 

Third 582 

Right  Lines,   Three  Given,  Find 

Fourth 583 

Right  or  Straight  Line  Defined...   544 

Right  Prism  Defined  (Stairs) .  257  , 

Risers,  Number  of.  Rule  to  Ob- 
tain (Stairs) 246  j 

Rise  and  Tread  (Stairs) 241 

Rise    and  Tread,  Connection  of 

(Stairs) 248 

Rise  and  Tread,  Blondel's Method 

of  Finding  (Stairs). .. .  , 242 

Rise    and    Trend.    Tabic    of,   for 

Shops  and  Dwellings  (Stairs). . .  245 
Rise  and  Tread,  To  Obtain  (Wind- 
ing Stairs) 251 

Rolled  Iron  Beams,  Extensive  Use 

of i6t 

Roman  Architecture  Defined 7 


Romans,  Ionic  Order  Modified  by 

Roman  Moulding,  Cavetio 

Roman  Mouldings,  Comments  on. 

Roman  Moulding.  Ovolo 

Roman  Mouldings,  Forms  of. . . . . 
Roman  Pantheon,  etc..  Walls  of.. 
Roman  Styles  of  Architecture. . . . 
Roman  Styles  Spread  by  the  Ital> 

lans 

Romantic  or  German  Style,  Thif" 
tecnth   and  Fourteenth   Centti* 

ries ir' 

Rome,  Ancient  Buildings  of......     is 

Rome    and  Greece,    Architecture 

of g 

Rijof,  The M 

Roofs,      Ancient     Norman     and 

Gothic,  Construction i] 

Roof  Beams,    Weight   per  Super- 
ficial Foot ll 

Roof,  Brace  in.  Rule  Same  «s  for 

Rafter ao8 

Roofs.  Construction  of 55 

Roof  Covering.  Mode  of 18S 

Roof  Covering.  Weights. Table  oC  1^ 

Roof,  Curb  or  Mansard 54^ 

Roofs,  Diagrams  and  Description 

of M 

Roof,  Gothic  Buildings 55 

Roofs.  Gothic  and  Norman  Build- 
ings, Construclioo 198 

Roofs,  Hip,  Diagram  and  Expla- 

nation. "SJ 

Roof,   Hip Sll 

Roof,  Horisontal  Pressure,  To  Re- 
move from .«..t     74 

Roof,  jack. Rafters  and  Pnrltn*...  aii 

Roof.  King-Post  in. 54 

Roof.    Load   per   Fool  Hofiionial, 
Rule tq«i 
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Roof,  Load,  Total  per  Foot  Hon- 

zontal,  Rule 197 

Roofs,   Modern,  Trussing  Neces- 
sary    178 

Roofs,  Norman  and  Gothic  Build- 
ings    178 

Roof,  Pent,  To  Find 54 

Roof,   Perpendicular  Height,  To 

Find 579 

Roof  Plank,  Weight   per  Super- 
ficial Foot 189 

Roof,  Planning  a 188 

Roof,  Pressure  on 55 

Roof,  Queen.Post  in 54 

Roof,  Rafters  in 54 

Roof,  Sagging,  To  Prevent 54 

Roof,  Slope  Should  Vary  Accord- 
ing to  Climate 191 

Roof  Supports.  Distance  between.   189 
Roof,     Suspension     Rods,     Safe 

Weight  for 210 

Roof,  Tie-Beam  in 54 

Roof,   Tie-Beam,   Tensile   Strain, 

Rule 304 

Roof  Timbers,  Mortising 55 

Roof  Timbers,  Scarfing  of 55 

Roof  Timbers,  Splicing  uf 55 

Roof  Timbers,  Strains  by  Parallel- 
ogram of  forces 198 

Roof  Timbers,  Strain  Shown  Ge- 
ometrically  199,  202 

Roof  Truss,  Arched  Ceiling 214 

Roof  Truss,   Elevated    Tie-Beam 

Objectionable 314 

Roof  Truss,  Elevating  Tie-Beam, 

Effect  of 187 

Roof  Truss,  Force  Diagram,  Figs. 

59,  68,  and  69 179 

Roof  Truss,  Force  Diagram,  Figs. 

60,  70,  and  71 180 

Roof  Truss,  Force  Diagram,  Figs. 

61,  72.  and  73 181 

Roof  Truss,  Force  Diagram,  Figs. 

63,74,  and  75  183 

Roof  Truss,  Force  Diagram,  Figs. 

64,  77,  and  78 184 

Roof  Truss,  Force  Diagram,  Figs. 

66,  80,  and  81 186 
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Roof  Truss,  Load  on 189 

Roof  Trusses,  Strains,  Effect  of,  on 

Different I79 

Roof  Truss,  Weights,  Table  of,  per 

Superficial  Foot 189 

Roof  Truss,  Weight  per  Superfi- 
cial Foot 190 

Roof,  Trussing  in 54 

Roof  Trussing,  Designs  for 178 

Roof  Trussing,  Framing  for 237 

Roof  Trussing,  Hogged  Ridge... .  238 
Roof  Trussing,  King-Post,  Effect 

of  Bad  Framing  on 237 

Roofs,  United  States 55 

Roof,  Vertical  Pressure  of  Wind 

on,  Effect  of. 194 

Roof,  Snow,  Weight  per  Horizon- 
tal Foot 193 

Roof  Weight  on  Rafter,  Effect  of..  179 
Roof,  Wind,  Horizontal  and  Verti- 
cal Pressure  of. .  .*. 193 

Roofing,  Weight  of  Horizontal  and 

Inclined 190 

Roofing,  Weight   per   Superficial 

Foot 190 

Roots,  Cubes,  and  Squares,  Table 

of 638-645 

Round  Post,  Area  of 90 

Rubble  Walls 48 

Rulers  and  Pencil  in  Drawing 540 

Rupture  Compared  with  Flexure.  84 

Rupture,  Crushing,  Safe  Weight..  89 

Rupture,  Sliding,  Safe  Weight 87 

Rupture,  Transverse,  Safe  Weight.  86 
Rusting  Iron  Framing  Straps,  To 

Prevent * 239 

Safe  Load  for  Material 81 

Safe  Weight,  Allowance  for 84 

Safe  Weight  at  Any  Point,  Rule. .  106 

Safe  Weight,  Beam  at  Middle. ...  103 

Safe  Weight,  Bending 91 

Safe   Weight,   Beam,  Breadth  of. 

To  Find 104 

Safe   Weight,    Beam,    Depth,   To 

Find 104 

Safe  Weight.  Breadth  or  Depth,  To 

Find,  Load  at  Middle 106 


TAGS 

Safe  Weight,    Brcadlh  or    Depth, 

To  Fiad,  Load  Uniform lo8 

Safe  Weight,  Crusliing  Rupture.  89 

Safe  Weight  Defined 84 

Safe  Weight,  Dellcction,  To  Pre- 
vent  ,...., no 

Safe  Weight,  Floor  Beams,  Dwell- 
ings. . . ,. ia6 

Safe  Weight,  Floor  Beams,  Stores.  126 
Safe  Weight,  Load  Evenly  Distri- 

butcd 107 

Safe  Weight,  Load  per  Superficial 

Foot  of  Floor. log 

Safe  Weight,  Margin  Greater  thaii 

Table 104 

Safe  Weight.  Rafter  and  Tie-Beam, 

Example..., ,, 87 

Safe  Weight.  Rectangular  Posts..  92 

Safe  Weight,  Slender  Posts 9I 

Safe  Weight,  Sliding  Rupture. ...  87 
Safe  Weight,  Striln  at  Middle  of 

Beam 105 

Safe  Weight,  Suspension  Rods  in 

Roof a  10 

Safe  Weight,  Tensile  Strain 96 

Safe  Weight,   Tensile  Strain,  To 

Find 97 

Safe  Weight,  Transverse  Rupture.  86 
Scale    of    Equal     Parts,    for    aa 

Order , 15 

Scale,  Use  of,   in  Drawing 540 

Scalene  Triangle  Defined. 545 

Scantling,  Thickness  for  Domes..  218 

Scoria.  Classic  Moulding 323 

Scotia,  Grecian  Moulding 326 

Sectional  Arca,.E.\phination  of. . .  97 

Sector,  Area  in  Circle. 476 

Sector  Defined 547 

Segment  of  Circle,  Area,  To  Find.  479 

Segment  of  Circle  Defined 547 

Segment  of  Circle,  To    Describe 

(Geometry) 560,  56a 

Segment  of  Circle  from  Ordinates.  470 

Segment  of  Cylinder  Defined 549 

Semi-major  Axes  of  Ellipse  De- 
fined   486 

Shade  Lining,  Drawing 543 

Shadow  on  Capital  of  Column.. ..  609 


Shadow  of 

Column 

Shadow  of  Column  on  Wall 

Shadow  on  Cornice 

Shadow  in  Fireplace 

Shadow  of  Horizontal  Beam 

Shadow,  Inclination  of  the  Line  of. 
Shadow  of  Moulded  Window  Lin< 

tcl 

Shadow  of  Nosing  of  Step 

Shadow  of  Pedestal  on  Steps 

Shadow  of  Projection  on  Cylindri- 
cal Wall 

Shadow  in  Recess.... ., 

Shadow  in  Recess,  Back  Vertical. 
Sh.idows,  Reflected  Light  Opposite 

of 

Shadow  and    Shade,    Distinction 

Between 

Shadow  of  Shel  f .,.,._... 

Shadow  of  Shelf,  .\cute  Angled. . 
Shadow    of    Shelf,    Front     Edge 

Curved 

Shadow  of  Shelf  Inclined .. 

Shadow  of  Shelf  Inclined  in  Verti- 
cal Section .,...,. 

Shadow  of  Shelf  on  Inclined  Wall. 
Shadow  of  Squate  Abacus  on  CoU 

umn 

Shadow   on   Straight    Projections 

and  Mouldings 

Shadow  on  Shelf  of  Uneven  Width 

Shadows,  Usefulness  of , 

Sh.-ift,  Rase  and  Capital  of  Column 

Defined 

Shaft  of  Column 

Shaft,  Upright  Part  of  Column. . . 
Shearing     Strain,    Tubular     Iron 

Girder 

Shutters,    Inside,    for    WIndgwa, 

Rc<|uiremcnts 

Sines  and  Tangents,  Logarithms 

( Polygons). 

Slate,  Weight  per  Superficial  Foot. 
Snow  on  Roof.  Weight  per  HotU 

tontal  Foot 
Snow  on  Roof.  Weight  per  Super. 

ficial  Foot 
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Soffit  of   Circular  Headed  Win- 
dows   321 

Solid  Defined  (Geometry) 544 

Solid  Timber  Floors,  First-Class 

Stores,  Depth 144 

Solid. Timber  Floors,   Dwellings 

and  Assembly,  Depth 143 

Solid  Timber  Floors,  Fire-Proof, 

To  Make 143 

Span  of  Arch 52 

Spherical  Dome,  Shape,  To  Find.  221 

Splicing  Beams 235 

Splicing,    Depth   of  Indents,   To 

Find 235 

Splicing,  Effect  of 236 

Splicing  Roof  Timbers 55 

Splicing  or  Scarfing  Tie-Beam. . . .  234 

Spring  in  Arch 52 

Square  Defined 545 

Square  or  Cube  Roots,  Example.  645 
Squares,  Cubes  and  Roots,  Table 

of 638-645 

Square  Equal  Rectangle,  To  Make 

(Geometry) 581 

Square  Equal  Given  Squares,  To 

Make  (Geometry) 581 

Square  Equal  Triangle,  To  Make 

(Geometry) 5S2 

Stability,  Principles  of 45 

Stairs,  Circular,  Face  Mould,  First 

Section 283 

Stairs,  Circular,   Face  Mould  for 

282,  285,  287 

Stairs,  Circular,    Falling    Mould 

for  Rail 281 

Stairs,  Circular,  Handrailing  for.  278 

Stairs,  Circular,  Plan  of. 279 

Stairs,  Circular,  Plumb  Bevel  De- 
fined  .* 282 

Stairs,  Circular,  Timbers  put   in 

After  Erection 253 

Stairs  for  Dwellings,  Rule 244 

Stairs,  Face  Mould,  Kell's  Method 

for  Simple 268 

Stairs,     Handrailing,     Geometry 

Necessary 257 

Stairs,    Handrailing,     "  Out      of 
Wind"  Defined 257 


Stairs,  Handrailing,  Tools  Used..  257 

Stairs,  Light  and  Ventilation 240 

Stairs,  for  Men  and 'Women,  Rise 
and  Tread 243 

Stairs,   Nosing  and  Tread,  Posi- 
tion of 241 

Stairs,  Pitch  Board.  To  Make —  247 

Stairs,  Plan  of,  Defined 257 

Stairs,  Plane  and  Cylinder,  Nich- 
olson's Method 259 

Stairs,   Platform,  Baluster,  Posi- 
tion of 250 

Stairs,  Platform, 'Beneficial 240 

j  Stairs,    Platform,   Cutting  Twist- 

I     Rail 277 

i  Stairs,  Platform,  Cylinder  of 248 

Stairs,     Platform,     Face     Mould 
Without  Canting  Plank 272 

Stairs,  Platform,  Face  Mould,  Ap- 
plication to  Plank 273 

Stairs,  Platform,  Face  Mould,  Ap- 
plication to  Plank 275 

Stairs,  Platform,  Face  Mould  for 
Handrail 264 

Stairs,     Platform.     Face     Mould, 
Moulded  Rail 274 

Stairs,  Platform.  Face  Mould,  Sim- 
ple Method 267 

Stairs.  Platform,  Handrail  to 269 

Stairs,  Platform,  Handrail,  Large 
Cylinder 271 

Stairs,  Platform,   Handrail  Where 
Rake  Meets  Level 272 

Stairs,  Platform,  Lower  Edge  of 
Cylinder 249 

Stairs,  Platform,  Wreath  for  Round 
Rail 267 

Stairs,     Position     and     Require- 
ments   240 

Stairs,  Prisms  and  Cylinders 257 

Stairs,  Rise  and  Tread 241 

Stairs,  Rise  and  Tread,  Blondel's 
Method 242 

Stairs,  Rise  and  Tread,  Table  for 
Shops  and  Dwellings 245 

Stairs,  Rises,  Number  of.  Height 
Given 246 

Stairs,  Shops,  Rise  for 244 
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Stairs,  Space  for  Timber  and  Plas- 
ter   247 

Stairs,  Stone.  Public  Building 240 

Stairs,  String  of,  To  Make 247 

Stairs,  Tread.  To  Find.  Rise  Given 
• 242,  246 

Stairs,  Tread  and   Riser  Connec- 
tion  ,-...., 248 

Stairs,  Width,  Rule  for 241 

Stairs,     Winding,     DaluKters     in 
Round  Rail 313 

Stairs,  Winding,  Bevels  in  Splayed 
Worit , 314 

Stairs.     Winding^,    Blocking   Out 
Rail. , .,..,,   301 

Si.iirs,    Winding,    Butt-joint     on 
Handrail 303 

Siaifs,  Winding,   Bult-Joint,  Cor- 
rect Lines  for 307 

Stairs,   Winding,     Diagrams    Ex- 
plained  263 

Stairs,  Winding,  Face  Mould.  Ac- 
curacy of 295 

Slairs,    Winding,    Face     Mould, 
Application 297 

Stairs,    Winding.     Face    Mould, 
Care  in  Drawing. 295 

Stairs,     Winding.     Face      Mould. 
Curves  Elliptical 301 

Stairs,    Winding.      Face     Mould 
for 290,  293 

Stairs,     Winding,    Face     Mould. 
Round  Rail ^03 

Stairs.  Winding,  Face  Mould  for 
Twist 291 

Stairs,      Winding,      Flyers     and 
Winders 251 

Stairs.    Winding,     Front    String, 
Grade  of »,....   253 

Slairs,  Winding,  Handrailing.256,  289 

Slairs,  Winding,  Handrailing,  Bal- 
usters Under  Scroll 310 

Stairs.      Winding,      Kandrailing, 
Centres  for  Square 308 

Slairs,     Winding,       Ilandrailing, 
Face  Mould  for  Scroll 3x1 

Stairs,  Winding,  Ilandrailing,  Fall- 
ing Mould  for  Raking  Scroll. . .  3Z0 


Slairs,  Winding.  Handrailing,Ceii< 

eral  Consideration« 

Slairs,      Winding,       Handrai1ing« 

Scrolls  fur jof 

Slairs,     Winding,      Handrailing, 

Scroll  Over  Curtail  Step < .  309 

Slairs.      Winding.      Hatidrailing, 

Scroll  for  Curtail  Step 

Slairs,  Winding,  Scroll  at  Newel. 
Stairs,   Winding,   Illustrations  by 

Planes 361 

Stairs,      Winding,     Moulds     for 

Quarter  Circle 2f« 

Stairs.  Winding,  Newel  Cap,  Form 

of,  ■ 3J2 

Stairs,  Winding,  Objectionable,.   240 

Stairs,  Winding,  Pilch  Board.  To 
Obtain 

Stairs,  Winding,  Rise  and  Trea4, 
To  Obtain 

Stairs,  Winding,  Sliding  of  Faco 
Mould 

Stairs,  Winding,  String,  To  Ob- 
tain    

Slairs,  Winding,  Timbers,  Posf* 
lion  of 

Stairs  and  Windows,  Hoir  Ar- 
ranged   

Stiles  of  Windows,  Atlowaflcefor. 

St.  Mark,  Tenth  or  Eleventh  Cen- 
tury  

Stone  Bridge  Building,  Truss 
Work ...  »3» 

Stone  Bridge,  Building   Arch....  230 

Stone  Bridge,  Centres  for.  Con- 
struction  999 

Stone  Bridge,  Pressure  on  Ardi 
Stones^ >.......... 

Stop  for  Doors. , 

Stores,  Floor  Beams.  Safe  Weight. 

Stores,  Ordinani%  Floor-Bouns, 
Sizes,  To  Find   ITJ 

Stores,  Firsl-Class.  Floor-Beam*, 
Sizes,  To  Find 1*6 

St.  Paul's,  London,  Dome  of....     54 

Si,  Peter's,  Rome,  Fourteenth  aad 
Fifteenth  Centuries t»^ 

Straight  or  Right  Line 


Deaned...  jj^H 
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Strains,  Cross,  Resistance  to 77 

Strains  on  Domes,  Tendency  of. .  219 

Strains  Exceed  Weights 6i 

Strains,  Graphic  Representation..  165 
Strain  Greatest  at  Middle  of  Beam.  105 
Strains      by      Parallelogram      of 

Forces 165 

Strains,  Practical   Method  cf  De- 
termining      62 

Strains  of  Rafter  in  Roof 205 

Strains,  Resistance,  To  What  Due.  78 
Strain    on   Roof  Timbers   Shown 

Geometrically igq 

Strains  on  Roof  Timbers  Geomet- 
rically Applied 202 

Strains  on  Roof  Timbers,  Parallel- 
ogram of  Forces 198 

Strain.    Shearing,    Tubular     Iron 

Girder 157 

Strain  Unequal,  Cause  of 83 

Straps,  Iron,  Roof  Truss 239 

Strassburg,  Cathedral  of 12 

Strassburg,    Towers  of  the  Min- 
ster      II 

Strength   and   Stiffness  of  Mate- 
rials      78 

Structure  of  Materials 76 

Struts  Defined 173 

Struts  and  Ties 68 

Struts   and    Ties,   Difference    Be- 
tween       69 

St.  Sophia,  Sixth  Century 12 

Stucco  Cornice  for  Interior 340 

Studs  and  Joists  Defined 174 

Styles,   Grecian,  Only  Known  by 

Them 16 

Stylobate,   Substructure  for  Col- 
umns      14 

Subnormal  and  Normal  (in  Para- 
bola)  496 

Subtangent,  Parabola 496 

Subtangent  of  Ellipse  Defined...  486 
Subtraction   and  Addition  (Alge- 
bra)   398 

Superficies  Defined  (Geometry)...  544 
Supports,  Girders,  Length,  Rule..   157 

Supports,  Position  of 65 

Supports,  Inclination  of,  Unequal.    60 


Suspension     Rods,    Location     in 

Roof 212 

I  Suspension   Rods   in    Roof,   Safe 
Weight 210 

Symbols  Chosen  at  Pleasure  (Al- 
gebra).   395 

Symbols,  Transferring  (Algebra).  399 

Systyle,  Explanation  of 20 

Table  of  Circles 649-652 

Table  of  Contents 6.3-624 

Table  of  Capacity  of  Wells,  Cis- 
terns, etc 653 

Table   of     Squares,    Cubes,    and 

Roots 638-645 

Table  of  Woods,  Description  of. .  80 

Tail-Beams  Defined 130 

Tanged  Curve,  To  Describe  (Ge- 

oroetr)') 565 

Tangent  to  Axes,  Ellipse 485 

Tangent  Defined 547 

Tangent  with  Foci,  Ellipse 487 

Tangent  to  Ellipse.  To  Draw 592 

Tangent   at  Given  Point  in   Cir- 
cle   557 

Tangent  at  Given   Point,  Without 

Centre 557 

Tangent  of  Parabola 493 

Tangents  and   Sines,    Logarithms 

I     (Polygons) 464 

I  Temples  Built  in  the  Doric  Style.  19 

;  Temple,  Doric,  Origin  of  the 17 

I  Temple  of  Jupiter  at  Thebes 33 

I  Tenons  and   Splices,   Knowledge 

I      Important 88 

■  Tensile  Strain,  Area  of  Piece,  To 

Find 99 

Tensile   Strain,  Compressed  Ma- 
terial   100 

Tensile  Strain,  Condition  of  Sus- 
pended Piece 98 

Tensile  Strain,  Safe  Weight 96 

Tensile  Strain,   Safe   Weight,  To 

Compute 97 

Tensile  Strain,  Sectional  Area,  To 

Obtain 97 

Tensile  Strain,  Suspended,  Mate- 

terial  Extended 100 
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rAr.a 
Tensile  Strain  on  Tic-Bcam  in  Roof 

Truss 204 

Tensile  Strain,  Weight  of  SuspcnO- 

ed  Piece 9S 

Tensile  Strength  of  Cast  Iron. . . .  161 
Tension  and  Compression,  Framed 

Gi tders 1 74 

Tension,  Resistance  to 77 

Tension,  Resistance   to.  Table  of 

Materials 82 

Tension,    Resistance    to,    Results 

Obtained 82 

Tension,  Resistance  to,  Proportion 

in  Materials 8t 

Tent,  Habitation  of  the  Shepherd.  13 
Tesiinfr  Machine,  Description   in 

TmHii'rrsf  Strains 80 

Testing       Materials,       Hydraulic 

Method 80 

Testing  Materials,  Dales  of 80 

Testing  Materials,  Manner  of....     So 

Tetragon  Defined  546 

Tetragon,       Radius     of     Circles 

(polygons) 446 

Tetraslyle,  Inlercolutnnialion. . . .  20 
Thebes,  Thick ntss  of  Walls  at. , .     33 

Thrust,  Horizontal 63 

Thrust,  Horizontal,  Examples, ...  64 
Thrust,  Horizontal,  Tendency  of..  88 
Tic-Bcain  in  Ceiling,  Load  on...  lyo 
Tie- Beam  and  Rafter,  Safe  Weight.     67 

Tic- Beam  in   Roof 54 

Tie-Beam  in  Roof,  Tensile  Strain,  204 

Tic-Rods,  Diameter,  To  Find 164 

Tie-Rods,  Floor  Arches,  Dwell- 
ings.     «53 

Tie-Reds,    Floor  Arches.   Firsl- 

Clftss  Stores , I53 

Tic- Rods,  Wrought  Iron 164 

Ties  Defined 173 

Ties  and  Struts,  To  Distinguish,.  69 
Tics  and  Struts.  Framed  Girders..  174 
Tics  and  Struts,  Principles  of. . . .  63 
Ties,  Timbers  in  a  Slate  of  Ten- 
sion      68 

Titus,  Composite  A  rch  of. a8 

Trimmer,  Breadth,  To   Find,  Two 

Sets  Tail-Beams 134 


Tup  Rail,  Doors,  Width.  Rule.... 

Torus.  Classic  Moulding. ....... 

Torus,  Grecian  Moulding. ...  ,..,  ^ 

Tower  of  Babel,  History  of J 

Towers  of  the  Minster,  StrufSburg.    U 

Transverse  Axis  Defined 

Transverse    Strains,    Compressed 

and  Extended,  Material 

Transverse  Strains,  Defined...... 

Transverse    Strains.    Explanajioo 

ofTable  III 

Transverse        Strains,         Greater 

Strength  of  One  Piece 

Transverse   Strains,  Neutral   Ltae 

Defined 

Transverse  Strains,  Proportion  to 

Breadth 

TrtiHSVtrte      Stmint,      Hatfield'*, 

Reference  to.. 80,  121,  133.  «3*. 

143,  144.  145.  146,  M& 
Transverse  Strains,  Resistance  to, 

Tableof 13 

Transverse  Strains,  DescriptioaoC 

Table U 

Transverse  Strains.    Strength  Di- 

minishcd  by  Division lot 

Trapezoid    Defined S4ft 

Trapezium  Defined $46 

Tread,     To    Find.    Rise     Giren 

(Stairs) 243.  «46 

Tread    and    Nosing.  Position  oi 

(Stairs) S4« 

Tread  and  Rise.  To  Find.  WioUing 

Stairs 3$! 

Tread  and   Rise.  To  Find.  Bloo« 

del's  Method ««t 

Tread  and   Rise.  T.ihle  (or  Stiopt 

and  Dwellings......... 34S 

Tread    and  Riser,  Connection  of 

(Stairs) S4B 

Triangle,  Altitude  of  (Polygons).   443 
Triangles.  Base,  Formula  for  (Trig- 

onometrj) 516 

Triangle,  Construct  a  (G«ometi]r).  587 
Triangle,   Construct   £i|ual-Sided 

(Geometry) S7S 

Triangle  Defined »•■...  S45 

Triangle,  Example«(Geoffietry)i..  J09 
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Triangles,  Equal  Altitude 361 

Triangle  Equal  Quadrangle 353 

Triangles,  Equation  of  (Trigo- 
nometry)    515 

Triangles,  Homologous  (Geom- 
etrj') 362 

Triangles,  Hypothenuse,  Formula 
for 516 

Triangles,  Hypothenuse,  To  Find 
(Trigonometry) 518 

Triangles.  Perpendicular,  To  Find 
(Trigonometry) 517 

Triangle  or  Set-Square  in  Draw* 
ing 539 

Triangle  or  Set-Square,  Use  of. . .  541 

Triangles,  Terms  Defined  (Trigo- 
nometry)   513 

Triangles,  Three  Angles  Equal 
Right  Angle 354 

Triangles,  Value  of  Sides  (Trigo- 
nometry)   516 

Trigon,  Irregular  Polygons  (Ge- 
ometry)   546 

Trigon,  Radius  of  Circle  (Poly- 
gons).  443 

Trigon,  Rule  (Polygons) 441 

Trigonometry,  Oblique  Triangles, 
Two  Angles 523 

Trigonometry,  Oblique  Triangles, 
Two  Sides 521 

Trigonometry,  Oblique  Triangles, 
First  Class 520 

Trigonometry,  Oblique  Triangles, 
Second  Class 522 

Trigonometry,  Oblique  Triangles, 
Third  Class 526 

Trigonometry,  Oblique  Triangles, 
Fourth  Class 528 

Trigonometry,  Oblique  Triangles, 
Sines  and  Sides 519 

Trigonometry,  Oblique  Triangles, 
Formula,  First  Class 531 

Trigonometr)',  Oblique  Triangles, 
Formula,  Second  Class 532 

Trigonometry',  Oblique  Triangles, 
Formula,  Third  Class. « 534 

Trigonometry,  Oblique  Triangles, 
Formula,  Fourth  Class. 534 


Trigonometry,  Right  Angled  Tri- 
angles   510 

Trigonometry,  Right  Angled  Tri- 
angles, Third  Side,  To  Find...   511 

Trigonometry,  Right  Angled  Tri- 
angle, Formula 530 

Trigonometry,  Tables 513 

Trigonometry,    Triangles,    Base, 
Formula  for 516 

Trigonontetry,    Triangles,    Equa- 
tions of 515 

Trigonometry,  Triangles,  Hypoth- 
enuse, Formula 516 

Trigonometry,  Triangles,  Hypoth- 
enuse, To  Find 518 

Trigonometry,  Triangles,  Perpen- 
dicular, To  Find. 517 

Trigonometry,  Triangles,   Terms 
Defined 512 

Trigonometry,  Triangles,  Value  of 
Sides 516 

Trimmer     or     Carriage      Beam, 
Breadth,  To  Find 132 

Trimmer  or  Carriage  Beams  De- 
fined     T30 

Trimmer,  One   Header,   Breadth, 
To  Find,  Dwellings  and  Stores.  133 

Trimmer,  Well-Hole   in    Middle, 
Breadth,  To  Find 136 

Trisect  a  Right  Angle 5(^4 

Truss,  Diagram  of. 200 

Truss,  Force  Diagrams,  Figs.  59, 

68  and  69 179 

Figs.  60,  70  and  71 i3o 

Figs.  61,  72  and  73 181 

Figs.  63.  74  and  75 183 

Figs.  64,  77  and  78 184 

Figs.  65.  78  and  79 185 

Figs.  66,  80  and  81 186 

Truss,  Roof,  Framing  for 237 

Truss,  Roof,  Iron  Straps 239 

Truss,    Weight,    per     Horizontal 
Foot,  To  Find 192 

Truss  Work,  Stone  Bridge  Build- 
ing    232 

Trussing  and    Framing,   Gravity 
and  Resistance 76 

Trussing  Partitions,  Effect  of . . . .  175 


'-L"^:z^  I.Tn':?.  "LSsrr  zr  -.-^    'Vula,    'msmcnnit  mi  Fotm^ 

'-■■:-i.-»    ::■  .'V  ::  '»' :  j  *  =;..         -un  4S 

i-.i;*.-  I-ui   I-.-i.i-.  ^-^a  u:  5iir-  "Valj.  XjixrTsnnie  hdi  ilcC  Rock 

.-.T.  T'.iTi-^.    !•»-•!  hjt*  ir-        l.ipinKUJHEi.    -. ms 

'  I.-. . .-..- I.— .<!    '-.-irt-  js.-*i  u'  liir-  "B"al;s.  I^'^catt.  )CaaB.-««siess  «L.    33 

: :-.  ?".inv;»   J  :-Tr-."ja=  imrrs     Tit;    TTt.'a.  lf.t.ri»»-t  ^i-.'-x ^ 

?.i::4r?  I^'.-bi  :r  K.<Ml't  .   :;_       Euuicnifs ^ 

'1:1.1.-    r-:t     > -i^.      -t-a.    :i'  Tjilri  u'  ?'Btc2e-.:a  ac  Raoae......    53 

J".i.ij-   1--J3i:  .-.t-  ?-.-:i»     ....     :=f    TTiiia,  pst  :r  Fioiar 49 

'i:'i..ir    >-.i      >-!■;'     .'■.-■a.    zf  "^ il.s.  1Js:,'T3jjae>z. 49 

J".i.-:ft    I--,  ai  ".":.i:rn.  :=:    "ffjila.   l_i.:i:;i*  ^3 

'i.:i..i.-     I-:ii      y.-iiir     Fjaj»ES.  "iTa.i  fir'siirn.  it 4i 

r-::.:'-:':n   -.rl.  :=-    "»!.■.*.  Ti.7:,:u»  jLsiii 49 

'ii'i  i.- r-:T   ;  ^iir    r  :i«-.-ii~;i:«i  TTi.  a.  "S'loija    ^ 

v'  :;-.   "•-7c*i.nic  3-.-i±r.  Xaxter  «...  uo 

'111.1.- >:t    's -zur    J^ti-3.    -'-.-  "*f:     :i      Tiii-jr     Ir:c     Girtttr. 

.  -.'WA.-i'.*.  ■>:■-  :=-       Turt-ie^  a"      153 

=^.-i..-:  .     :=-       Ti.: -i  :f'       ;-s4-c-«6 

lz>~     1  -  j-»      ...              ....  •3;     ~^Z-yt    z'.Z't.   Wf  xxa    OC     *t*T*^T 


.  .--lit    . -:t-    .---::  ^    f—  ;     r  -    ::      .--ia:^sc  ?-t**-r*.  ;<t  >a- 

Z-v^i  '•   '-.-'.—    r-i    ;  :r*    1  --t       ::  "^  z-i  :t.  ?.:»:r.  Z.fi-r:  ::  V-nial 

T^r- Ja      f  i.r:-^.  >u. -*  ; —        ?-:^.¥iri  114 

7-p- r-r   Su. -*  '•'  ::;  T-it.  *  M:  iiii-i  ~  -Z    :i    !.:•:"     ri:-.r:-:il    4r«a 

:.:        ;:-  '  -"   ~^    ?-:-J5:.--        lij 

"^  : : ;  -5   r.  S-:i.  -«     H ; »  :  r  ?"ire 

Vr  -^i  ;-.!:«    •.:■;•:«  .z  f=  ^  ::;■*  J.!.-!  F.^ir*  5u_rs 251 

''V  : :  ;-»•}.  A—irzt-i-:  :: ^4 

Vi.1.-    5  -T.i      S--  -!■;    ■•    ":--  '•"«'  ■ ; :  v^.    r.r:_jr  Hfizri 320 

:-:...  .     :.:  '-V  r::-*^      C  :r_!ar   Hfiiei.  To 

::- if  *iV  :::-■-«.  T  =.;-f  .-zs.  Tc^  F.si.  3:? 

V-r?*:  ;.:*  ::'.-.::    7:  ~-;..    .     «::  ""^  - i z'm -T r%=-i   S-i::: 315 

V»n.:i.     ?r^55_r■•     ::    "i"^'  zi     :-  "'V  ti;«-5.  ?r;-:  .-:    B-.li.=5.  Ef- 

-.  :■:'■■ :  :^        :>~  j£  330 

Ver.  =_  TiJiiiz:  :•"  Pi.-LZ-:.i  T-j-  W.r.i.-w5^      Ht::i*:«.     Tohle    of. 

f  tM iif        '»V  i:i  G  i^~ 320 

V;. :!-»=.  T:  r-i-jcrzi;  :r< ;:  'iV.- ;:•»<.  Hi  *:':::::■."   Fij'^r — .  320 

V:_£s-:.r  ;:' i-  .-.Ti 5;  '»*"-:.:■-$.    '.~<:it   Shuv.er*.    Re- 

:-.:;.-rtr:    319 

Will    T-* ^?  '•V -;:■-«.     ?.-s^:.oa     aad    Lvght 

W*j,Cc5sr 4.;       :::= 3^7 


INDEX. 


685 


Windows  and  '  Stairs,  How  Ar- 
ranged      43 

Windows,  Stiles,  Allowance  lor. .  319 

Windows,  Width  Uniform,  Height 
Varying 319 

Winding  Stairs,  Balusters  in 
Round  Rail 313 

Winding  Stairs,  Bevels  in  Splayed 
Work 314 

Winding  Stairs,  Blocking  Out 
Rail 301 

Winding  Stairs,  Butt  Joint,  Posi- 
tion of. 303 

Winding  Stairs,  Butt  Joint 307 

Winding  Stairs,  |Diagram  of.  Ex- 
plained  '.. .  263 

Winding  Stairs,  Face  Mould  for 
290,  293 

Winding  Stairs,  Face  Mould,  Ac- 
curacy of. 295 

Winding  Stairs,  Face  Mould,  Ap- 
plication of 297 

Winding  Stairs,  Face  Mould, 
Curves  Elliptical 301 

Winding  Stairs,  Face  Mould, 
Drawing 296 

Winding  Stairs,  Face  Mould, 
Round  Rail 303 

Winding  Stairs,  Face  Mould,  Slid- 
ing of. 299 

Winding  Stairs,  Face  Mould  for 
Twist 291 

Winding  Stairs,  Flyers  and  Wind- 
ers   251 

Winding  Stairs,  Front  String, 
Grade  of. 253 

Winding  Stairs,  Handrailing 
256,  289 


Winding  Stairs,  Handrailing,  i>al- 
usters  Under  Scroll 310 

Winding  Stairs,  Handrailing,  Cen- 
tres in  Square 308 

Winding  Stairs,  Handrailing.  Face 
Mould  for  Scroll 311 

Winding  Stairs,  Handrailing,  Fall- 
ing Mould 310 

Winding  Stairs.  Handrailing, 
General  Considerations 258 

Winding  Stairs,  Handrailing, 
Scrolls  for 308 

Winding  Stairs,  Handrailing, 
Scroll  Over  Curtail  Step 309 

Winding  Stairs,  Handrailing, 
Scroll  for  Curtail  Step 310 

Winding  Stairs,  Handrailing, 
Scrolls  at  Newel 309 

Winding  Stairs,  Illustrations  by 
Planes 261 

Winding  Stairs,  Moulds  for  Quar- 
ter Circle 255 

Winding  Stairs,  Newel  Cap,  Form 
of 312 

Winding  Stairs  Objectionable. . . .  240 

Winding  Stairs,  Pitch  Board,  To 
Obtain 252 

Winding  Stairs,  Rise  and  Tread, 
To  Obtain 251 

Winding  Stairs,  String,  To  Obtain.  252 

Winding  Stairs,  Ti/nbers,  Posi- 
tion of. 252 

Wood,  Destruction  by  Fire 37 

Wooden  Beams,  Use  Limited 154 

Woods,  Hydraulic  Method  of 
Testing 80 

Wreath  for  Round  Rail,  Platform 
Stairs 267 


THE    END. 


